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ABSTRACT

Wetlands are extensively used for lowland rice

(Oryza sativa L.) cultivation in Nigeria. - Selected

wetland soils in the savanna ecosysten (between
latitudes 7°45' and 12050'N) of Nigeria were studied
to evaluate their physical, chemical and mineralogical
broperties for proper understanding of their genesis
and for placements in Interrational and National soil
clagsification sys tems. Potential productivity
indices of the soils were developed for lowland rice

(Oryza sativa L.) cultivation. The possibility of

dry-season cultivation of sorghum\(Sorghum bicolor (L)
Moench) are discussed. Transects were selected to
represent different soils formed in different parent
materisls and agroecoBystems. 4L total of twenty-three
(23) soil profile pits located on different physio-
graphic positions were sampled and studied. They
consist of the following: Makurdi trarsect with five
prafile pits (pedons ND1 ~ MD5); Gadza transect hes six

(pedons GZ1 - GZ6) while Dwam transect has three {pedons
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DM1 - DM3). Six profile pits were located in’
Argungu transect (pedons ARl - 4R6) whereas Lumda
transect has three (pedons LD1 - LD3). All pedons:ir
of Gadza transect and those of levees (pedons MD1,
AR1 and ARL) and pedon 1D3 were sandy, whereas soils
of backswamps (pedons ¥D2 to MDL, DM1, AR2, AR3 and
AR5) and those formed in shale-dominated parent
materials (pedons DM2, LD1 and LD2} were clayey.

Soils of Mhkurdi and Gadza transects were
gererally acidic (pH 4.8 - 6.4), whereas those of the
other transects weres acid in reaction or neutral
{pedons DM2 and LD1) to alksaline (pE 8.0, pedon 4R5).
The effective cation exchange capacity (EC3C) orf soils
of Makurdi, Gadza, and Argungu (except pedon AE3)
transects which are formed in mainiy sandstone -
derived parent materials ranges between 1,09 and 1%,04
cmol(-;-)kg_1 of soil.- Pedons DM2, LD1, LD?2 and LD3,
howefer, had relatively high ECEC values of beiween
6.83 and 55.20cmol(+)kg-l of soil, The organic carbon

content of the soils ranges between 0.01 and 0,76%
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whereas total nitrogen ranges between 0.01 and 0.08% .

Quartz dominated both sand and silt mineralogy.
The clay mineralogy of the soils was mostly kaolinitic
except pedons DM2, LDl and LD2 which were smectitic..
Eluvial/illuvial transportation processes have
contributed to the formation of argillic horizons in
pedons GZ5, GZ6, DM3, AR5 and AR6.. The only notice-
able active pedogenic process in pedons DM2, LD1 and
LD2 was soil displacement, as evident by the presence
of' slickensides. The wetland soilslare mainly
Inceptisols and Entisols (FAO: Gleysols and Fluvisols)
whereas the adjoining upland soils are Alfisols {pedons
¥D5, AR5, AR6 and DM3) and Ultisols (pedons GZ5 and
GZ6) which will classify as Lixisols and Acrisols in
FLO systen. Pedons DM2, LDl and LD2, however, are
Vertisols,

_ The mean potential productivity indices (P) for
lowland rice in Makurdi, Gadza, Dwam, Argungu and
Lumda transects are 0,45, 0.36, 0.30, 0.18 snd 0.09,
respectively. The main constraints arelow scil

Fertility, water availability and high salinity. Only
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Pedons MD2, MD3, MDL, DM1l, AR2, AR3 and AR5, because
of their fine texture, may be suitablie for dry-season

cultivation of sorghum,




CHAPTER ONE

:

4

1.0 INTRODUCTION

The savanna ecosystem occupies about eighty
prercent of Nigeria land mass, Ecological inter-
pretation of savannas shows a wide variety of
physiognomic types under different climatic,
topographic, soil conditions, and degrees of . human
interference (Sarmiento and Monasterio, 1975).
Savanna has been defined by Sanford and Isichei
(1986) as 'seasonal tropiceal vegetation in which
there is a closed or nearly closed cover of grasses
at least 80cm high with flat, usually cauline,
leaves; usually burnt annually; trees and shrubs at
various densities most of'ten present'. It is
apparent that soil characteristics such as drainage,
soil depth, structure and texture, water retention

capacity, and fertility strongly influence vegetation

‘ocn a local scale, In dry tropical forests, savannas

develop first in areas of poor and/or shallow soils,




but with extreme drought ‘stress they may develop v
even over fertile soils,. _Thus savannas.are seen

to develop in response te-aﬁdynamic:interplay of
soil and climate, :

Wetlands ﬁsually occur in lowlands or
depressions, hence materials erocded and transported
from the surrounding uplends tend to accunulate. -
there, This has led to the hypothesis that much of
the sediment and nutrient load leaving the upland
were being trapped in the wetland, Wetlands are
very productive (Moore and Bellamy, 197L; Richardson,
1979), and in the savanna ecogystem of Nigeria, they
have become centres for farming populations, as
evident in the 'Fadamas'. The boundary between
wetland and dryland fluctuates from year to year,
depending on variations in rainfall, Van Diepen
(1985) definéd wetland as land subject to exceséive
wetness to the extent that the wet conditions
influence. the possible- land uses. Wetlands can be

categorized as coastal plains,including estuaries




and deltas; river floodplains, comprising recent
alluvial deposits bordering rivers; inland basins,
consisting extensive drainage depressions; and
inland valleys, which occur frequently in the
undulating landscape,

Wetland soils are hydromorphic soils whose
development and Properties are strongly influenced
by temporary or permanent saturation in the upper
part of the pedon. Two types of wetland soils
(éurface~water gley and groundwater gley) are
common, The wet condition of the soil may either
be due to the surface water from precipitation that
cannot be removed as fast as it arrives or because
the groundwater is seasonally or pefmanently at or
above the soil surrface, Surface water is retained
on level ground or in depressions because of a slow
hydraulic conductivity of the soil {(Brinkman and
Blokhuis, 1586), Another form of surface-water
gley soil is stagnogley which has an extremely low
hydraulic conductivity in t he substratum so that

bPercolation is virtually absent. Therefore water
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saturation occurs periodicallyronly in the epipedon. : .
In groundwsater gley soils, the lower 80il horizons
are permanently under the groundwater. table and-

they are usually gray or greenish gray because of

the reduced conditions, The upper soil horizons

‘may be gray mottled with brownish or black, mixed

iron-manganese oxides,
Wetland soils are very variable.-- They range
from soft, massive orp single grained in permanently
submerged conditions, to firm, consolidated, with a
blocky or prismstic structure in seasonally dry
environments, Their texture ranges from clay to
sand. Swamp rice owes its occurrence and producti-~
vity to soil, moisture and climatic characteristics.
Though total effective rainfall is important for rice
cultivation, rainfall distribution is even more
important. Rice requires an amnual Precipitstion or
about 1,000mm with & monthly rainfall of asbout 200mm

during the growth cycle (Brown, 1969; De Datta, 1975).




The crop also requires high temperatures . .. Sl
(ranging from 20°C to 30°%) and long periods of = -
éunshine during growth, L - U

There has been a general decline in world rice
production (I.R.R.I, 1988} which has resulted in
high retail prices frop the available rice, Slightly
increasing production levels due to the recent ban on
rice importation in Nigeria has still not met local
~oeansumption, and recent price trends have not shown
any improvement. Ayotade and Okereke (198&)
estimated that the wetlands currently under rice
cultivation (about 300,000 hectares) account fop
about 75 percent of the national production, The
estima ted production of paddy in Nigeria rose from
350,000 metric tons in 1970 to close_to 1.5 million
tons in 1983 (Ayotade and Fagade, 1986). As of now,
there are still large hectarages of wetlands unused
for cultivation,

Most systems of soil classification distinguish

classes of hydromorphic soils, i.e. soils with




defined signs of periodically or permanently reduced
condj tions, Hydromorphic soils are distinguished
from soils with free internal drainage at the suborder
level in Soil Taxononmy, With the exception of oxida-
tion-reduction Processes, the genesis of soils with
aquic moisture regimes has not received the same
attention as that of better drained analogues (Bouma,
i983). Therefore, many of the properties and
brocesses in wetlend soils still need to be verified.
The study of the genesis and classification of wetland
soils should help to facilitate theirp management for

good sgricultural uses,

1.1 Objectives
The objectives of this study were:

(a) to evaluate the physical, chemical ang
- mineralogical properties of some wetland soils
in the savenna ecosystem of Nigeria for proper

ﬁnderstanding of their genesis;




(b) to classify them using the above characterige=
tics; and
(c) to evaluate the productivity potentials of the

soils for lowland rice and other suitsble crops.




CHAPTER TWQ
2.0 LITERATURE REVIEW

Soil is a collection of dynamic, natural,
three dimensional bodies which results from effect
of climate and the activit ies of living organism
upon parent material as conditioned by the loecal

relief, all acting over a bPeriod of time,

2.1 Factors of soil formation.
2.1,1 Parent material: Except for the lithomor~-
Phic Vertisols, all other types of hydromorphic soils
are formed in sediments that are uswelly found in the
lowest part of the landscape, These sediments are
either of colluvial or alluvial origin,

The parent materials underlying depressions and
basins in Nigeria can be related to the surrounding

uplands because of the geological stability of the

African continent, Probably most of the sedimentary




deposits or hydromorphic soil parent naterials in .
the savanna region of Nigeria have been formed from-
Pre-weathered, multicycled soil materials that were -
derived from the uplands. - The origin of .most of theé
hydromorphic soils in northefn Nigeria has been
influenced by the basement complex (ihtermediate to
acld crystalline rocks) and by verious sedimentary
rocks, which are mostly arensceous (Moormann and ven
Breemen, 1978), If this is the case, one may then
expect sediments in the savanna ecosystem of Nigeria
to be rich in such primary minerals as gquartz,
feldspars, muscovite, oxides of Fe, zircon and some
other heavier minerals, The clay mineralogy is
pPredonminantly kaolinite, quartz, iron oxide minerals
(goethite, hematite br limonite), hydrous mics anad
muscovite (Ojanuga, 1979; Okusami et al,, 1987)., 1In
Vertisols and soils with vertic properties where
parent materials are of lithomorphic type, the 2:1
ciay minerals are residual from basic rock, Where

the topographic influence is prominent, pParent
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materials are usually also related to the primary
minerals and to the 2:1 clay minersl group

(Purnell, 1979). Generally, the parent materials
of most hydromorphic soils in depression and closed
basins will reflect the lithology of the surrcunding

drainage basins.

2el.2 Climate: Climate influences soil formation -
by control of the chemical and physical reactions
teking place in the soil and also by its control of
the organic factor and to some extent of the factors
of relief and time through erosion angd deposition of
soil materials, In areas of high rainfsall, the
climate might have been & 'levelling' factor towards
evelving sediments of similar mineralogy. Avalilable
weatherable minerals appear to vary by agrqclimatic
regions, particularly as a result of rainfsall distri-
bution and amount (Jones and Wild, 1975). Climate

influences rate of leaching, weathering and decay of

organic metter, Leaching of bases and podzolization
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brocess will progress more-quickly?with‘heavy
rainfall than light rainfall, Weathering of rock .
minerals and decay of organic matter is quicker in

& hot, moist climate than cool, dry one (Buol et 81, -
1980).,

Several soil properties have been shown to be
temperature dependent, Soil colours tend to become
less gray and more reddish with increasing temperature.
Nitrogen and orgenic matter contents decrease as the
temperature incresases, High temperatures and brecipi-
tation normally fasvour hydrolytic type of weathering.
Righi and Lorphelin (1986) reported trat hydrolysis
might occur with acidocomplexolysis at the same time
or one after the other during the yesar, The
following weathering zones have been identiried in the
world based on general climate (Buol et al, 1980);

(g) Podzolization occurs in cold humid climate,

characterized by strong complexolysis (i.e

complete removal of Al, Fe and other cations,

deposited at B horizon),
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(b) Braunification occurs in temperate climate;
dominant weathering process is slow- scid -
hydrolysis thet weathers the parent meterial
to shallow depth (about 1m)s - ..u - +:

(c¢) Intermediate fersiallization occurs in
seasonally contrasted subtiropical climate -
found in the meditteranean region with hot
dry summer, There is rapid mineralization
and the soils are rich in 8i0,, Ca°*, Mg?*
and 2:1 clay minerals; and

(d) In hot humid climate (describing equatorisl
environment}, ferasllitization occurs. Here
there is neutral hydrolysis, weathering is
total and results in complete release of
elements. Kaolinite is the commonest type of
clay formed.

Ojanuga {1979) claimed that the warm scil temperature

condi tions prevailing in the guinea savanna region of

Niggria are believed to have the capability of causing

marked dissociation of soil water. This will cause &

build-up of hydrogen ions thus leading to the
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hydrolytic op H-weathering of silicates to

kaolinite, _ .

20.1.3 Vegetation: Vegetation-cover-has,signifi—
cant effects on soil température. Murtha and
Williams (1986) reported that this effect in both
humid and semi-arig tropics of Australia was

sufficient to cause a shift from iso to non-iso
regimes; for a change from vegetated to bare surfaces,
The influence of plant species and their distribﬁtion
become very important during the dry seasson in the
seasonally wet/dry cycle soils due to evapotranspira-
tion, The influence of water and soil type on native
vegetation of a habitat is more lmportant than the
influence of vegetation on 801l development of
hydromorphic soils, Cole (1973) attributed the
variation in species diversity observed in a seasonally
flooded tropecial swamp to the duration of the saturated
environment with species diversity increasing from

permanently flooded environment to well-drained sites,
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He stated further that the single species of
grass-herb dominates aress with longer duration of
flood, Phillips (1959) used soil moisture as a
classification criterion:and so*derived classes of
vegetation such as mangrove woodland, freshwater
swamp forest, periodically inundated forest, riverine

and floodplain,

2.1.4 Time; Estimates of relative soil age have
been based on the degree of horizon differentiation
and the thickness, clay content, solum thickness, and
other morphological or chemical properties that are
believed to vary systematically with time, The
morphology of a sodl reflects the alteration of that
so0il's parent material by soil forming processes.

In Oregon, Balster and Parsons (1968), and Parsons
and Herriman (1975) have observed argillic horizons
@eveloped in recent alluvium aged between 2,350 and
over 5,250 yesars, Gile and Grossman (1968) concludegd
that in the arid regions of the southwestern Unjted

States, argillic horizons sppear to require more than
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5000 years to form. In Iowa, Fenton et al, (1974)
reported that alluvial soils-of approximately 6,600
years old had argillic horigzons while those of 2000
years in age did not, However, Balster and. Parsons.
(1968) noted that cambic horizons are found in
recent alluvial soils with an age of approximately
550 years, Also in Pennsylvania, Cunningham et. al,
(1971) have observed cambic horizon development and
minimal clay illuviation in recent alluvial soils with
an sge of approximately h50 years,
Bilzi and Ciolkosz (1977) concluded that morphological
properties are effective in di stinguishing chronologic
age differences in alluvial soils which differ by
approximately 1,500 years in age, but are noi
effective when the age differences are only a few
hundred years, They also indicated that cambic
horizons can develop in less than 200 years and can
still be present aftgr 2000 years of coil formation,
Arduino et al, (1986) used iron oxides and clay

minerals within profiles as indicators of soil age,

They fourid that the ratios (Fe(d)/Fe(t) and Fe(d)"Fefb)/'.
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-Fe(t) were closely related to the ages of the
terraces, Clay minerals were also related to
terraces ages, with 2:1 clay minerals dominant in

the profiles on the youngest and mixed-layer minerals
and kaolinite more abundant in profiles on the older.
terraces, Generally, the forms of iron become
progressively 'less active' as soils become older

(Arduino et al,, 1986).

2.1,5 Topography:  The concept of catena

describes the association between particular slope
forms and soil seqnenceso' Miline (1935) originally
defined a catena as ‘'a grouping of soils which while
they fall apart in a natural system of classification
on account of fundamental snd morphological differences,
are yet linked in their occurrence by conditions of
topogrephy and are repeated in the same relationhsips
to each other wherever the same donditicne are met
with', The differences between the soils of a

catena are generally related to differences in their
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position and their drainage characteristics,

These differences are brought about by drainage

conditi ons, dffferential transport of ercded material
and leaching, translocation and redeposition of

mobile chemical constituents (Milne, 1936)., The
differences in drainage are responsible for the

gradual colour changes that are frequently seen in
toposequences, Upland, well-drained soils are usually
reddish-brown, showing the presence of hon-hydrated
iron oxide in the soil, On the middle and lower parts
of the slope, the soils remain moist longer and dry

out less frequently and less completely (Gerrard, 1981});
this leads to an increasing degree of hydration of the
iron. The red colour then changes to a brown or
yellow; the hydrated iron oxides are mainly goethite
and limonite, On the lowest slopes, where the
drainage can be very poor and where part or all of

the s0il profile is waterlogged, reduction of Fe and
other soil compounds take place., These waterlogged

soils are usually bluish-gray, greenish-gray or
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neutral gray in colour. - At the breask of slope
where the water table fluctuetes, mottling is
likely to be pronounced. 5

b Many of the characteristics of.floodplain soils
are related to the distinctive nature of the landform.
Each landform type is associated with a slightly
different type of sediment snd therefore, the basic
soil materials differ considerably, - Levees are
generally formed from the coarse materials carried by
flood water., When river flows in excess of the
bankfull stage, the water overflows the levees,
becomes less turbulent and the finer silts and clays

accumulate in the backswamp areas, The rate of

sediment accumulation depends on the size and quantity
of sediment and the freguency of flooding. Coarse
material settles rapidly but finer clays take longer

time,

2.2- Soil development evaluation,

Several approaches have been used to study
soil development., Various workers havé postulated

the use of different weathering indices to assess the




stage of soil development, For example, .Brewer.
and Walker (1969), were of the opinion that -
increasing soil age is reflected in:progressive. .
finer texture, while Campbell (1971) arguea that
stronger structure is a better index, Reness of B
horizons has been correlated with-free iron content
(Alexander, 1974; Birkeland, 1974; Ojanuga, 1977; Buol
£t 81, 1980) anml has also been used to estimate
relative soil age because ferric iron is very
insoluble and accumilates in oxidised weathering
environments with time. Bigham et al, (1978) found
that spectral hue of Ultisols in North Carclina was
related to iron content and to the proportion of
hematite to goethite; and that hematite increased
relative to goethite, with increase in free iron
content,

Silica~sesquioxide ratios defined as the molar
ratios of si0, (silica) to A1203 + Fe203 (sesquioxide
or R 03), «nd 810 to Al 03 Galumlna), were believed
to give a method that can be used FPor mineral

identification and for estimating the degree of
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weathering and relative trenslocation of soil
constituents in the psdon (Jemny, 1941; Birkeland,
1974).  Kaolinite clay minerals have been reported
to exhibit a 3102/12203 ratio in the range of 1 to 2,
with a corresponding 8102/A1203 ratio of 2 to 3.

On the other hand, smectite - montmorillonite
displayed higher ratios, with 8102/R203 and 8102/A1203
ratios ranging from 2 to 3 and 3 to 4, respectively
(Grim, 1968; Wakatsuki and Wielemaker, 1985).
Decreasing 8102/R203 and 8102/.&&1203 ratios with depth
in the pedon have been found to be indicative of
movement of Fe and Al, and/or ¢lay migration, whereas
increasing ratios have been interpreted as movement
of 81 to deeper depth in the pedon. The silica-
sesquioxide ratios of so0il clays were also reported
to beoome narrower with increased degree of weathering
and/or increased humidity (Mohr et al; 1972), Sianu
énd Pundeer (1978) argued in favour of the use of
CaQ/Zr02 ratio for eutablishing the weathering stage
in soils developed in alluvium, whereas silt/

{silt + clay), Ca2+/Mg2+ and Fezoj/A1203 ratios




(0gunwale and Ashaye, 1975) were used in assessing -
the degree of weathering of sandstone~derived soils . =
of southwestern Nigeria, : el E -

Analysis of sand-size minerals has been used
extensively in pedological investigations, In
particular, minerals that are highly resistant
towards mechanical and chemical weathering processes,
for example zircon, monatite, guartz and tourmaline
can serve to establish associations between source
rocks and weathering stagé. Sudom and St, Arnaud
(1971) demonstrated the feasibility of using quartz
and zilrconjum oxide (2r02) content of soil horizons
and size fractions to establish the uniformity in
soil deposits with depth and to quantitatively
evalua te changes, A more recent approach to evalua-
tion of soil development was proposed by Santos gt al.
(1986), Termed 'pedogenic index', it is caleulsmted
by using the ratios of weight of K2G/weight of quartsz
of A and C horizons, Ogunwale and Ashaye (1975)

indicated the prominence of kaolinite, and inters
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stratified clay minerals in the clay fraction as
an evidence of advanced weathering, = -

According to Mckeague and Day (1966) aspproxi-
mate differentiation among the - forms of Fe and Al in.
s0lls canbe made by selective extraction methods,
Both oxalate - ana dithionite extractable Fe and Al
values are useful in the studies of soil genesis and
classification, The oxalate extraction dissolves
much of the iron and Al from the amorphous materiagls
but very little from crystalline oxides, whereas the
dithionite extraction dissolves a large proportion of
the crystalline Fe oxides &s well as much of the
amorphous materials, The oxalate values give an
spproximation of the degree of accumulation of
amorphous products of recent weathering in the horizons
of soils formed from materials varying widely in
te;ture, colour, pH, organic matter and total iron
oxides. Ashaye (1969) studied the relationships
between clay content.and Tamm's acid-oxalate extrac-
table Fe and Al. He found that the relationships

were not signif icant, However, he concluded thet the
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amount and nature of the various forms of Fe and Al
oxides and organic complexes may greatly influence
the physical and chemical properties of the soils,
The forms of sesquioxides likely to be most sctive
in soils are the amorphous (mobile) forms. High
Fe(o)/Fe(d) ratios usually obtained in organic-rich
horizons show relatively higher amounts of mobile Fe
possibly as organo - Fe complexes (Mckeague et al;
1971; Ojanuga, 1977).

Arduino et al, (1984) proposed that Fe(o) is
the 'active' and Fe(d) minus Fe(oJ the 'less active'
forms of iron, the latter probably being goethite
and hematite, Their findings suggest that changes
in forms of iron continue as soils become older with
more progressively going into 'less active' forms.
The ratio of B horizon dithionite extractable Fe
(Fg(d)) to total Fe (Fe(t)) ratios is more useful in
assessing relative soil development than Fe(d) alone
because the former is not dependent on Fe content of
initial material (Rebertus and Buol, 1985), Ratios

of Fe(d)/Fe(t) should reflect the degree of
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alteration of Fe = bearing primary minerals and. the

degree of Fe - accumulation in illuvial horizons. .

2.3 Properties of wetland soils,
2.3.1 Morphology:

Hydromorphism can be described as =a process

whereby the soil is under reduced conditions either
due to the permanently high water table ('peraquic',
'gley', 'groundwater gley') in the soil profile or a
temperary period of saturation ('aguic', 'pseudogley’,
'surface water gley'), Gley soils exhibit permanent
grey subsoil colours with or without mottled topsoil
horizons depending on the availability of Fe oXides,
while pseudogleys have seasonal grey colours and
rusty brown ferric oxide colours along free surfaces
of the root channels and ped faces (Schiichting, 1973),
~ The varying degree of hydromorphism in soils is
reflected in the intensity of motttling, gleying,
structural development and the degree of development

of plough sole, Kanno (1978) summarised that
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eluviation, mottle formation, gleization, plough-
sole formation, degradation, redistribution-of
exchangeable bases, accumulation (or decomposition)
and alteration of organic matter-and some other
processes lead to profile differentiation of
seasonally flooded soils, Many researchers have
attempted to define quantitatively the soil moisture
regimes that have produced certain hydromorphic soil
features such as specific mottle colours and patterns,
Van Wallenburg (1973) uSed the depth of the uppermost
point in the soil profile that exhibits & mottled
colour or a colour that was noticeably grayer than
that of comparable horizons as a distinguishing
Teature in drainage, This involves the study and
understanding of adjacent uplsnd soils. Daniels

et al, (1971) observed thick A horizons and fine-
textured B horizons in soils with deep water tables,
while shallow water tables were associated with thin

A horizo.s, low-contrast mottling and presence of

Bc horizons,
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Pickering and Veneman (1984) in a study- of-
a hydrosequence reported that lowest chroma colours -
were found in the very poorly. drained soils where
perennial conditions of saturation or near saturation
exists up to the soil surface resulting in the
strongest reducing environment; whereas matrix
colours of highest chromas (6 or higher) occurreda in
the moderately well-drained soils where reducing and
oxidising environment coexist within the profile at
sometime during the growing seasomn, Occurrence of
mottling has been associated with depth to the water
table (Guthrie and Hajek, 1979). Simonson and
Boersma (1972) used mottling features to Gefine
drainage conditions, They correlated faint and
distinct mottling with the presence of water-table
and noted a consistent increase in the size and
abundance of Fe and Mn concretions with poorer
drainage conditions, In the intermediate drainage
classes, the soil is often close to saturated as

moisture tension approaches zero (Veneman ¢t al.,

1976) .
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It has been shown through physical experi-
mentation by Vepraskas and Bouma (1976);$hatamottle s
patterns are the result of different moisture. T tan
regimes, Simulated profiles of permanéntly
unsaturated moisture regimes and of periodically
unsaturated moisture regimes and of Periodically
brolonged saturated regimes, réspectively, showed ped
nangans and channel neoalbans, gquasimagan types of
mottles; that is, mottle patterns differing with
regard to areas of occurrencéand patiern of formation,
Veneman et al, (1976) concluded that soil morpholo-
gical features such as mottles or chromas of 2 are
sufficient indicators of hydromorphism and also that
the duration of soil saturation or water-table position
‘can be inferred from the mottle patterns. Similariy,
Coventry and Williams (1984) recently reported direct
relationships between some soil morphological features
(grey mottles, mottles with chromas of 2 or less,

maximum content of clay, and base of the solum) ang

different soil hydrological regimes in some Alfisols.
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However, Veldkamp (1979) found that in some cases, -
in sites around Ibadan in Nigeria, mottling could not
be related to the length-of the periods of :water
saturation,

Occurrences of concretionary horizons over
mottled and/or pale gray horizons have been recognized
to be the result of seasonal water-logging with
mobilization of Fe eventually followed by its cxidation
into & concretionary zone. Richardson and Hole (1979)
noted two modes of Fe translccation in which Fe first
tends to migrate in associstion with clay from surface
horizons to those deeper in the profile and then
redistribute within the peds of & horizon. Maximum Fe
concretions occurred in somewhat poorly drained soils
with alternating oxidising and reducing conditions,
but fewer concretions were found in very poorly
dra;ned soils on similar landscapes and parent
- materials, Schwertmann and Fanning (1976) concluded
that optimal concretion formation occurred in soils

with rapid changes in aeration and concordant o
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fluctuations of redox potential. W¥hen the diffu-
sion of oxygen throughout the scoil is limited by
increasing moisture contents, the redox pPotentiel
drops and compounds containing Fe and Mn become
reduced (Gotoh and Patrick, 1974). Iron and ¥n &re
mobilized by reduction and can contritute to the
formation of mottles or concreticns when the soil
environnent becomes more oxidized during subsequent
drying cycles. Concretions may also be due to silica
cementing soil particles together, They are presumably
due to some of the mobile silica in the soil solution
being precipitated as a cementing agent., Silica
cementation occurs only when the clay is of the non-
kaolinite type but not of the swelling beidellite or

montmorilionite type (Kantor and Schwertmann, 1974),

232 BElectrochemical preperties of
variable charge surfaces:

The electrochemical properties of soil, viz,

the pH, zero point of charge (2PC) and relative values

of CEC and AEC (adsorption) are important - in-most
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Pedological investigations. . These Properties have
been attributed to the existence of.the two major
typés of colloids (van Olphen, 1963):

(a} those with completely polarizable
interf'ace or constant surface chapge, and

(b) those with reversible interface or
constant surface potential, ‘

The former type of colloid is mainly associated
with soils of the temperate region while the latter is
dominant in the "humid tropical soils" (van Reij and
Peech, 1972)}. The constant surface charge colloids
gre dominated by the 2:;1 layer group minerals, where
negative layer charge results from the interior of the

structure. The constant surface potential (or

variable charge) is very much transient ang superficial,

being mostly due to oxidic coatings of the layer
silicates.and charges arlslng from edzes of fragmented

sillcate layers and amorphous meterial, Soil pH has
& direct relationship with such properties s the gero

point of charge, adsorption and ion exchange processes

in the solid-solution interface of the soil's




environment,

Zero point of charge (ZPGC) is defined basically
as the pH at which the net surface charge of soil
materials is zero, Zero point of charge (ZPC) now -
assumes a significant dimension in the study of soils
of humid tropical aresas because it contributes to the
understanding of other electrochenical Properties,
van Raij and Peech (1972) reported that the zero point
of charge of soils reflects the overall mineralogiecal
composition and organic matter content.of the soils,
They ﬁointed out that soils with high sesquioxide
content tend to have a higher ZPC at higher pH values,
whereas layer silicates with bermanent negative charge
and organic metter will have a lower ZPC at higher pH
values, This implies that g soil with predominantly
2:1 layers, i,e, the constant surface charge types may
have a very low or non-existent ZPC (Parks, 1967) while
a high ZPC will be = typical property of the 1:1 layer
silicates and oxidic s>ils which is said:to be a
reflection of the intensity of weathering and some-

times age of the pedon. A relationship between the-
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soils' ZPC and the difference in PH determined in
both water and 1.,0M KC1 was established by van Raij

and Peech (1972). 1If pH kc1 > PH H,0, the pH of the

soll should be on the positive side of the ZPC, and
the soil will have & net positive charge, But if the

reverse occurs, i.,e, p Cl < PH H .0, then the pH of the
so0il lies on the negative side of the 2ZPC and the soil
will carry a net negatife charge, A negative

xiXpH (PHKCI - pHﬁzo) has been said to indicate that
the soils contain colloids of the constant charge type
while positive iZXPH (i.e PHK01:>PHH O) would indicate
constant potential colloids with net p081t1ve charge
(Mekaru and Uehara, 1972), A negative lﬁ PH has also
been impiicated (Keng and Uehars, (1974) to meen the
abundance of silicete clay minerals over oxides, The
closer the pH of the soil gets to or approaches that
of the ZPC, the more weathered is the profile (Stoops,

1980). On the other hahd, in a bure oxide system the
PH of the soil equals that of the ZPC. By definition,
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Ultisols and Oxisols are the -only -scil orders whose
ZPC values may be approaching that of.a pure oxide
system, because of their relatively high sesquioxide

contents,

2633 Redox transformation,
The major electron donors in the soil system are

the oxidizable organic compoupds while oxygen is the
major electron acceptor, Other electron acceptors in
anaerobic natural soil systems include iron, menganese,
sulphur, cobalt, nitrogen and copper compounds, It is
the influence of the reaction Products which result
from the redox systems that mainly contribute to the
soil formation processes unique to the hydromorphic
soils,

When an aerated soil is waterlogged, oxygen and
nitrate disappear in that order and the appearance of
meEnganous ion (Mn2+) in the so0il sclution and on the
exchange sites immediately follows. Manganese plays

an important role in the brocesses of scil formation
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in flooded and pboorly drained soils, - Insoluble,
oxidized menganic compounds (Mnh+)-are reduced to the
more soluble manganous (Mn2+) form. An incresse in
Mn2+ in the soil solutionzind‘on'the'exchange“complex
if the pH is acid or slightly acid is one of the Tirst
measurable effects of reducing conditions, The
concentration of soluble Mn2* in the soil solution is
highly dependént on both PH and redox potential
(Patrick and Reedy, 1978) but at pH valﬁes below 5, pH
alone controls solubility. Mitra and Mandal (1983) |
reported a highly significant negative relationship
between exchangeable Mn and pH. They, however,
obBerved a positive correlation of exchangeable Mn with
clay content of the soils, and a strong positive
correlation between reducible Mn content and period of
water-logging of the soils, It has been notea that

nanganese exists in at least four different forms in
waterlogged soils: (1) water soluble, (2) exchangeable,

(3) easily reducille and (4) residuel manganese or that

remaining after extraction of the other three forms,
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Patrick and Turner (1968) showed that._ the.

I

exchangeable and the easily reducible fractions
accounted for most of the manganeése in-the waterlogged -
environment, The measurement of the easily reduciﬁle
manganese (ERMn) should then indicate the capacity of
a waterlogged soil to Provide the soil with both
exchangeable and water soluble manganous ions,
Similar work with regards to iron distribution in a
waterlogged soil was carried out by Gotoh and Patrick
(1974). |

The chemistry of Seasonally flooded soils is
dominated more by iron (Fe) than by any other redox
element, Formation of horizons with Fe accumulation
commonly found in Seasonally flooded soils has been
attributed to the redistribution of Fe and Mn in the
flooded profiles, Pickering and Veneman (1984) in
the?r study of moisture regimes and morphological
characteristics in a hydrosequence reported significant

translocation ana leaching of iron in the poorly

drained scils, Concretions in which Fe- and Mn-oxides




36

are concentrated relative-to the soil matrix -
typically occur in hydromorphic solils, particularly ..
in soils with impeded internal drainaege {pseudogleys).
In these soils, ¥e and Mn are mobilized by reduction
and afterwards concentrated in various forms, among
which mottles and concretions are the most frequent
(Schwertmann and Fanning, 1976).

Patrick and Delaune (1972) as well as some other
work ers have reported that submerged scils ususlly have
two zones in the epipedon of the profile, the oxidized
zone and a lower reduced zone. These two zones have
been characterised by various workers with redox
potent ial values and/or inorganic constituents. The
upper oxidized zone is dominated by ferric ircn,
manganic manganese, nitrate nitrogen, and sulphide.
Patrick and Delaune (1972) showed that the profile
distribution of the redox potential wsas almost
identical to fhe profile distribution of ferric-ferrous
iron distribution anl that "the surface oxidized layer
probably serves as an effective sink for the reduced

forms of mangsnese, iron and sulphur since manganous,
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ferrous, and sulphide ions diffusing upward to this
zone would be oxidized to insoluble manganic,. ferric
compounds (precipitated Fe3+)rand to elemental .

sulphur".

2+.3:4 Ferrolysis:

Ferrolysis is an important soil-forming factor
in hydromorphic scils, Brinkman {1970) hypothesized
on ferrolysis as a hydromorphic soil-forming process
and that the process dominates pedogenssis under some
unique soil~water relationships. According to
Brinkman, 'the term ferrolysis is derived from
ferro(us) and lysis, and has been coined as a short
term for disintegration of solution in water by a
Process based upon the =&alternate reduction and
oxidation of iren', During the process of ferrolysis,
reduction of ferric oxides to solubie Fez+ occurs in
the.wet season, the Fe2+ displaces and mobilizes
exchangeable bases which (in addition to the scluble
Fe2*) are pertially leached. In the alternating dry

2+

season, exchange8ble Fe is oxidized to form ferric
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and exchangeable hydrogen ions, This ‘causes partiail
decomposition of the clay and the release of aluminium
and silica, Partial neutralization of _exchangesable
Al slong with the reduction of ferric bxide in the wet
season produces relatively stable ferrous - aluminium
hydroxide interlasyers in 2:1 clays, leading to further
reduction of the cation exchange capacity. Buol et al,
(1980) stressed the significance of the alternation
between strong reducing and oxidising conditions in
silicate destruction of poorly drained soils with
rarticular emphasis on those soils of the coastal

lowlands,

203.5 Gleization:

Glelzation can be considered tc be different
from ferrolysis in terms of the duration of the
reducing influence (water saturation). Buol et al,
(1980) defined gleization as 'the reduction of iron
udder anaerobic waterlogged soil conditions, with the

production of bluish to greenish gray matrix colours,
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with or without yellowish brown, brown and black
mottles, and ferric and manganiferrous .concretions',
Brinkman's concept indicated that ferrolysis will
dominate soil formation processes dgring the alterna-
ting dry and wet cycles while gleization will dominate

that of soils under almost permanent water saturation.

2.3.6 Soil mineralogy:

The chemical status of seasonally flooded soils
is generally influenced by the c¢lay mineralogy, which
in turnreflects the parent materials and degree of
hydromorphism., Parent rock (lithology) has a direct
effect on clay mineral genesis (Ojanuga, 1979) as it
controls to a large extent, the silice, alumina, and
base potentials in the weathering environnent. The
control exerted by climate snd topography tends to be
indifect as both infiuence or modify the composition
of the soil solution in the weathering environment,
Advanced stage of weathering leads to the formation

of kaolinite, indicating that the soil is in the stage
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of intermediate desilication (Jackson, 1965) op
kaolinization (Pedro et al., 1969). The Tormation
of smectite in poorly draiﬁed environment is often
bPromoted by the incorporation into the soil solution
of silica, alumina, and bases leached from the higher
topographical sites (Gallez et al,, 1976; Ojanuga,
1979).

The influence of hydromorphism on clay mineralogy
of soils was demonstrated by Coventry et al, (1983),
They noted that profile saturation forp relatively short
periods of time (few months) resulted in the formation
of goethite, characteristic of the yellow earths and of
the ferruginous gravel of the gray earths. Saturation
for lengthy periods led to the loss of iron from the‘
s0il, which has then assumed the gray colour of the
minerals (quartz and kaolinite) comprising the matrix.
Brinkman (1978) observed the transformation of smectite
and/or vermiculite into soil chlorite (chlorotization)
rarticularly in the upper horizons of seasonally flooded
.soils, Kyuma (1978), however, concluded that the

mineralogy of hydromorphic soils is almost the same as
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that of their parent materials since they are mostly
either Entisols or Inceptisols, which ‘have undergone

little soil formation, . - -

2:3.7 Changes in soil nineralogy induced

by rice cultivation,

The primary mineral composition of hydromorphic
solls would generally seldom show a noticeable change
as induced by rice cultivation during a few hundred
years, except for biotite which has been found to
weather rapidly in seasonally flooded plough layers
of rice soils (Kawaguchi and Kyuma, 1977). No
significant difference was detected in the clay mineral
composition among the hydromorphic soils studied by
Kyuma (1978) regardless of the length of time rice had
been in cultivation on the lgnd, &lthough Kawaguchi
et al, (1957) had earlier reported that soils cultivated
for rice for more than 100 years contained slightly less
amounts of ferromagnesian mirerals, such as hornblende

and augite, than 'yéﬁnger rice soils'. In their study
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of changes in clay mineralogy. in & chronosequence 'of"
paddy soils in Japan, Wekatsuki et al, (1984}

reported that prolonged paddy cultivation (150 and

265 years) brought about some modification in the clay
mineralogy of Ap horizons, whereas the mineralogical
changes were not evident in the profiles less than 75
years of age., The results obtained by Wakatsuki

£t al, (1984) indicated that the clay mineralogical
changes induced by paddy cultivation were characterized
by changes in smectite fo‘chlorite. The intersira-
tification and partial chloritization of smectite caused
the CEC of the clay fractions of Ap horizon to decrease

slightly,

2.4 Soil classification,
Poorly drained and swampy soils are usually

situated in low topographical sites. Some soils, on
the other hand, show a tendency to water-logging even
in high topogfaphical sites, well above the regional

water table (Smyth and Montgomery, 1962). These soils
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have horizons of impervious clay at high levels in.
the profile, which prevent the free movement of ...
water, Moss (1957) in classifying the soils found -
over sedimentary rocks in western Nigeria grouped the
soills into drainage classes,

Most systems of so0il classification distinguish
classes of hydromorphic soils, that is, soils with
defined signs of permanently or periodically reduced
conditions., D'Hoore (1968) classified hydromorphic
soils into mineral hydromorphic soils and organic
hydromorphic soils. He defingd mineral hydromorphic
soils as! soils, other than Vertisols and similar
soils, whose development and characteristics (presence
of gley and/or pseudo-gley in at least one of the
horizons) are infiuence by permanent or seasonal water-
logging.  According to Soil Taxonomy (Soil Survey
Starf, 1975), hydromorphic soil has & moisture regime
that is saturated most of the year whether this

moisture regime affects the whole profile or Just the

solum or part thereof. Boil Taxonomy further defines
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that a s0il or horizon is- saturated with water when
water stands in an unlined borehole close enough to

the soll surface or the top of the horizon so that the -
capillary fringe (the zone just above the water table)
reaches the surface or the top of the horizon in
question,

In soil Taxonomy, soils with an aguic moisture
regime and specified morphologic characteristics of
wetness are distinguished at the suborder level., The
aquic (L. aqua, water) moisture regime implies =a
reducing condition that is virtually free of <Xxygen.

In situations where groundwater is always at or very
close to the surface {as in inland swamps and mangrove
swamps ), the moisture regime is called 'peraquic'. The
soils in the aguic sub-orders e.g. Aquents, Aqualfs,
Aquepts - are gray or greenish - gray or bluish-gray
(cagsed by continuously reduced conditions) or are
mottled with contrasting colours caused by alternating
reduced and oxidized conditions. I'hree orders - the

Aridisols, Histosols, and Vertisols do not have aguic
suborders. Essentially, all Aridisols are dryland

scils arnd virtually all Histoscls are wetland soils;
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Histosols are subdivided by the degree of decompo~
sition of the organic matter. Water saturation
in Vertisols is always a surface feature (Blokhuis,
1982), In flooded Vertisols, only the surface
horizon and thé parts of deeper horizons adjoining
cracks, particularly near the bottom of cracks, are
water saturated for part of the year. There are also
other cracking clay soils that have a very irregular
boundary between water - saturated and dry or moist
parts of the soil (Bouma et al., 1980). The Soil
Sufvey Staff (1975) taxonomic units applicable to the
soils in Nigeria are the Aquents, Aquepts, Aquolls,
Aqualfs, Aquoxs, and Uderts (Andriesse, 1986). Aquic
sub-groups have been defined in the Chromoxererts and
the Chromuderts. These subgroups have distinct op
prominent mottles in the upper 0.5m of the socil,
Moormann and van de Watering (1985) suggested

that the definition of aquic moisture regime ve
broadened in a way as to include all scils

subject to prolonged wetness and reduction in

S 12
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horizon less than, for example, one. metre from the
surface, The aquic moisture regime, thus redefined,

could have one of the following forms:

Orthaquic: true groundwater gleyscils (the
aguic moisture regime as defined
in 8S0il Taxonomy);

Peraguic: as defined in Soil Taxonomy;

Endoaquic: wetness and reduction by ground-
water only in the lower horizons
(eriterion for aquic subgrcups);

Epiaguic: wetness and reduction only in
surface horizons (the definition
differs from that of epiaquic
subgroups in Soil Taxonomy);

Anthraguic: as epiaquic, but resulting from
artificial ponding in wetland
fields,

There are soils in which wetness has not led to

reducing conditions (Moormenn and van de Watering,
1985) ., Groundwater may contain considerable dissolved

OXYEEN, For example, in the tropical areas with
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moderate relief and lateral water flow: in the soil,
the morphologic characteristics of the soil may not
reflect the wetness., Also the lack of reducing -
microorganisms in some saline waterlogged desert soils
precenis the development of reducing condi tions, and,
in others, the lack of (readily decomposable) organic
matter, in combination with high levels of CaCO3,
inhibits reduction. Moormenn and van de Watering
(1985) suggested that a special provision be made in
Soil Taxonomy for soils that have an aquic (orthaguic
or eplaguic) moisture regime in the wet season, but an
ustic moisture regime in the dry season (part of the
subsoil should be dry for at least 3 months), tenta-
tively labelled as Ustaquic regime.

The dithionite-extractable Fe (Fe(d)) tends to
accumulate in the lower part of the zone where the
water table fluctates. Consequently, some gleyed
s0il horizons contain high amounts of Fe(d). This is
the reason that the Canadian system of Soil Classifica-

tion (Canadian Soil Survey Committee, 1978) has PFera

Gleysol and Fera Levic Gleysol classes to accomodate
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solls that have high:Fecdj due to water table
fluctuations, Soils on wetlands, classified
according to the legend of the soil map of the world
(FAO-Unesco, 1988) include dystric Gleysols,
Fluvisols, and Histosols (poorly drained soils of the
freshwater swamps), gleyic Solonchaks (poorly drained
saline soils), Arenosols and sandy Regosols, that is,

coarse soils of sand bars and dunes (Andriesse, 1986).

2.5.1 Potential for rice production.

Rice culture can be classified into the
following classes based on soil-water-rice interaction
(IRAT, 1970):

(1) Upland rice: no soil water table high enough

to provide the plant with its water require-

ment, Rainfall is the only source of water

and its retention will be & function of the

soils' texture.

(2) Lowland rice: when the water table is
sufficient ly high as to provide the plant with

its water requirement. This include:
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~ swamp rice or rainfed paddy rice; when
there is free water on the soil surface;
~ deep-water rice; when-water depth on the
soils' surface is between 0.5m and :1,0m
and
~ Tfloating rice; when free water is more
than about 1m deep on the soils' surface.
(3) Irrigated rice land is land on whichrthe water
table can be controlled by inlet/outlet mecha-
nisms and can be applicable to any of the above

conditions,

2.5.2 So0il water management.

. Water conservation is a priority in lowland
(wetland, rainfed) rice cultivation. Evidence has
been shown that rice yield is much higher in saturated
and flooded soils than in aerobic scils (IRRI, 1963).
Many studies have been carried out on the effects of
water on rice yield in tropical Asia, The consensus
is that irregular water availability consistently

causes low average rice yield on farmers' fields when
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compared to those obtained in:exper imental trials
under lowland rainfed conditions (De Datta et al,-
1973). Veldkamp (1979) found out on some Nigerian ..
toposequences that yield responses of rice are highly
related to the groundwater class. Generally, water
mana gementi seems to be the most important factor in

rice production,

2.6 Sgil productivity.

Productivity capacity or expected yields are
useful in predicting the suitability of any soil for
agricultural use. Productivity indices have been
developed in various parts of the world, Examples are
those developed by Clarke (1951) in Britain; Storie
(1954) in California, U.S.A.; Durand (1965) in France;
end F.A.0, (1965) in Nigeria, Soil productivity
ratings can be expressed either qualitatively or

gquantitatively. Qualitative ratings may be as

narrative statements of solil suitability for part cular
crops, or they may group soils subjectively into a

small number of classes or grades of agricultural
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suitability., Quantitative expression of soil
productivity may be done: inductively or deductively,
Inductive productivity ratings are derived solely
from the inferred effects of various soil and land
propertieson yield potential of a soil. Crop yield
data are not used directly in the calculation of
productivity indices., Deductive productivity ratings,
on the other hand, are based entirely on records of
crop yields obtained from different soils, In
deductivé productivity ratings, productivity is
expressed in absolute rather than relative terms., For
most applications, absolute values of expected yields
are less importanf than relative comparisons of:. yield
potentials among soils. .-Indices of relative yYield are
much less subjeét to temporal variability due to
maﬁagement, téchnology, or weather,

Sys and Frankart (1971) developed a multiplica-

tion index.for soiis under natural vegetation or

subsistence agriculture in the humid tropics. The

F.A.O. (1965) index in Nigeria is another example of
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the multiplication method based on soil depth,

texture and structure, base saturation, salanity,,
organic matter, nature of clay, mineral reserve; -
drainage and moisture content.- '
Potential productivity is the maximum level of'
broductivity that can be obtainedAtnder high level of
soil managenent, In developing the ﬁotential produc-
tivity index, the permanenf aﬁd temporary limitations
to be considered are land properties which cannot be
changed by normal agronomic pfactices. - These inciude
soil texture and surface stoniness, naturé.of clay

minerals, mineral reserve, soil depth and salinity.

2K2.6.l S0il texture
The signifibance of soil texiure is pariicularly
important to soil—ﬁaterfrélatiopshibs. Clayey soils
méy cause perched water tabiendué fo low hérizontél
and verﬂical movement.‘ Sandy éoils ﬁay be well-
drained or may have high water table due té physio-
graphic location., In wetland tillage (puddling),

initial soil moisture determines how the soll will be
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saturated/flooded, Structural -stability. is also

a function of soil texture which comes into play in
wetland tillage practices., Fine textured soils will
form well puddled soils if tilled at the right soil

moisture condition.,

%Q.6.2 Soil mineralogy,

Most of the wetland soils in Nigeria are
formed in sedimentary deposits that have been pre-
weatﬁered and sorted, and thus may be lacking in
pPrimary minerals, The sand and silt fracglons have
been found to be very siliceous (Okusami et al,

1987). |

The clay mineralogy of wetland soils is very
iqportant because of its effect on the Physico-
cheﬁical Properties of soils, viz, water - and
nuprientJhblding‘capacities, organic matter retention,
structuralrdevelopment end consistence to mention some
5f the significant ones, The 2:1 mineral types are

more desirable than the 1:1 types but most lowlands of

. the-tropibs, river flood-plains included, are formed
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in materials derived from the highly weathered
catchment area, hence they reflect the mineralogy -of.

the highly weathered stable upland sections of the

rhysiography.

2.5.3 Nutrient requirements of rice,

The nutrients required by rice crop are
nitrogen, phosphorus, potssium, sulphur, calcium,
magnessium and silicon (Chang, 1978) while the micro-
nutrients needed are iron, manganese, boron, copper,
molybdenum and zinc. Silicon is not considered as
an essential nutrient involved in the physiological
processes of crops but it is inecluded in the nutrition
of rice for its structural property (increasing the
straw strengih), 1t has, however, been shown that
considerable yiela increase|results from the applica-
tion of silicon to rice soils, especially on the sandy
or high crganic matter soils, This increase in yield
has been attribuced to the fact that silicate ion
displaces phosphate ion from the exchange sites making

the latter more available, In addition, some workers
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(e.g. Okuda and Takahashi; 1964) postulate that P
silica mitigates toxicity that will result from-
excess Fe, Mn, and/or Al in the growth medium,
Okuda and Takahashi related silicon significance to
the number of panicles, number of spikelets per

banicle and the percentage of ripened grains,

2.6.14 Soil salinity,

Salinity is a problem in floecdplain soils. The
salt content will depend on the soil type as well as
its age and the climate of the region., Clayey soils
contain highep percentageé of salts than sandy scils,
Salt accumulates as water evaporates from lakes and
swamps with the self-sealing processes considerably
enhancing the ponding of surface water, Relatively

young stream sediments contain less salt than older

sediments,

The groundwater of major river floodplains is

‘generally highly saline., The presence of salts in

these soils is most likely as a result of shallow

groundwater table, Repeated wetting and drying (as
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plants draw H20) subsequently lead to precipitation
of salts, dccurrence of perched water table might
be enough to keep seasonal precipitation from T
leaching accumulated salts from the s oil, If so,
salts would continue to concentrate and Na might
replace Ca on the exchange sites (Al-Janabi and Lewis,
1982),

Soil and land suitability requirements of rice
(PAO, 1978) include £ 4% slope, D50cm soil depth,
very poorly drained to moderately well drained
environment, silt loam/clay loam, montmorillonitic

soils, moderate inherent fertility, a specific

1

conductance of less than 2 dS m — at 25°C, and pH of

5.2 to 7.5 (1:2.5 H20). The optimum temperature
response of photosynthesis in rice is 25 - 30°C.
Sorghum on the other hand, can tolerate a specific
conductance .of up to SdSm"l at‘25oc, with pH of 5,2
t0-8,5(1:2.5 Hy0), and moderately well drained to

well drained soil donditions (FAO, 1978).
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CHAPTER THREE

3.0 ENVIRONMENTAL FEATURES OF THE
STUDY SITES,

3.1 Physical setting of the study area,

The area used for the study lies between

Makurdi in the south, Lumda in the northeast, and
Argungu in the northwest. The coordinates are
approximaiely latitudes 7°45'N (Makurdi) and 12°0'N
(Argungu), and longitudes L°30'E {(Argungu) and

13°45'E (Lunda), The sites for field work were areas
around Makurdi, Gadza {(near Bida), Dwam (near Numan),
Argungu, and Lumda (near Dikwa). These represent
Guineo—Congolian (Makurdi and Gadza), Sudanian
undifferentiated woodland (Dwam and Argungu), Sudsnian/
Sahelian transition (Lumda) savanna respectively

(Pig. 1).

Makurdi site is located approximately llkm west

of Makurdi, near Otave village, It is on the

Toodplain of River Benme. The floodplain is about
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Lkm. wide (from the river to the upland) and has
an elevation of 80 metres. Gadza is an inland
valley, and is located about 7km, east of Bida. The
valley is a tributery to Gadzs river, while the
latter is a tributary of River Niger. .. Length of the
cross section (from the valley bottom to the crest)
of the valley at the study site is approximately 5,7km.
The transect lies on elevations ranging from 96 metres
(vaeliey bottom) to 130 metres (summit or crest)., The
ma jor settlements slong the valley are Gbansitako and
Gadza,

Dwam site is on the floodplain of River Benue.
It is 53km from Yola, off Yola-Gombe road and is on
about 2.6km transect from the river to the upland.
It is on sbout 150 metres elevation. The site used
ap Argungu is on the flcoodplain of River Sokcoto. It
is- about one kilometre from the bridge on River Sokoto,
at Argungu. The floodplain is about 8km wide (from

the river to the upland) at the study site and has an

elevation of about 200 metres, Lumda site is 2.7kn
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from Lumda on Maiduguri-Dikwa road, In the
western part of the area .is an irregular pattern of
sand dunes, their orientation having been largely
obscured by erosion and flooding. The site is,
however, devoid of pock outcrops., The site is on

about 320 metres elevation.

3.2 Climate
Generally, the climate of the study area is
under the influence of both the southwest monsoon and
the northeast trade winds (Grove, 1970). The area
has a hot subbumig tropical climate. Makurdi area
has & relatively weak bimodal rainfall pattern (Pig, 2)
with peaks in both July and September (Pagbami and
Vega~Catalan, 1985). Mean énnual rainfall is
approximately 1300mm (Kowal and Knabe, 1972), mean
‘anmial air temperature is about 2?°C, and mean daily
relative humidiy is about 75%, The mean annusl

rainfall at Gadza is about 1175ﬁm. (data for Bida)

with a unimodal pattern of distribution, The mean

annual air temperature is approximately 2700 end mean
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daily relative humidity is about 70%.-

At Dwam and Argungu, rains normally start
between April and June and stop about September of
October. The rainfall pattern indicates a unimodal
trend. Mean anmual rainfall in Dwam (data for Numan)
is about 800mm while in Argungu is about 700mm (Kowal
and Knabe, 1972). The two locations {Dwam and
Argungu) have mean daily relative humidity of about
55% and the mean air temperature of about 28°C
(Udo, 1978). During the months of November to March,
the northeast trade wind brings harmattan,

Lumda has & hot subhumid tropical climate with
a fairly wide seasonal and diurnal range of temperature,
The climatic regime consists of a long dry season
followed by a shorter wet season. The onset and close
of rains is quite varisble. The rainfall pattern is
sipilar to that of Argungu. As the monsoon weakens,
there is a short hot season followed by the onset of
harmattan wind. During the harmattan period,

relative humidity falls to 20% or less in the hottest

part of the day. Air temperature during the day at
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this period is about 32°C ang, under completely”:
cloudless skies, The nights can be cold with
temperatures ranging between 5° and'lOOC. The
relative humidity remains low except immediately

af"ter rains toms,

343 Yegetation and lsnd-use,

The vegetation of the whole study area can be
descri bed generally as savannas wood land, consisting of
coméaratively light tree growth with a more or less
continuous ocover of grasses, Both Makurdi snd Gadza
sites have similar vegetation pattern, with scattered
trees, The most common trees are sheabutter

(Vitellaria paradoxa) and oil palm (Elaejs guinensis),

Dwam has a relative more continaous cover cf grasses,

with some African fan palms (Borassus aethiopium

Mart.).

Around Argungu ang Lumda, there are dif' ferences
in vegetation and land-use depending on such factors
as soil types, and seasonal opr bermanrent flcoding.

Four local vegetation landuse patterns were recognised
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around Argungu. These are African rice (Orxza g
glaberrima Steud), wild rice varigties; thorny

species of Acacia albigda, Acacia laeta, and Acacia

nilotica; and African fan palms (Borassus aethiopium
Mart), At lumda site, the local begetation communi-
ties are 'Firki' (clay-rlat), Tabki (pond) and sahel.
Firki communities cccur on the clay~flats which are
very extensive around Lake Chad, These areas are
submerged during the wet season and the vegetstion
consists of various species of grasses, mostly

ahnuals. However, these Firki communities zre used
for cultivation of 'Firki' sorghun, Tabki communit ies
occur in semi—permanént ponds with clayey substratza,
They carry a denser vegetatiion than their surroundings,
Thorny species of :Acascia such &s nilotica are common
in these areas., The trees of sahel zcne are fine-
leafed with Acacia Sp. most common, Two types of
raim trees, Borassus aethiopium and Hyphaene thebaica
are in pure stands in some depressions (Barbers, 1965;

White, 1983), The grasses are mainly Andropogon sp.

Hyparrhenia sp; Schizachyriup sp; and Pennisetun SD.
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3.4 Geology _
Detailed geological studies of the study area

had been undertaken by Russ (i930), Pugh and King
(1952), Barbver (1965), ang Adeleye and Dessauvagie
(1970)., Three main formations have been identified
in Makurdi area: (i) the Cretaceous Maskurdi sand-
stone on the south bank of River Benue and (ii) its
contemporary Kaena sandstone which forms the northern
shoulder of the Benue valley; (iii) the dark/gray Awgu
shale that underlies the western third of the northern
shoulder, The floodplain is a Quarternary sediment
(Pugh and King, 1952). The parent rock in Gadzs ares
is Nupe sandstones (Russ, 1930), It consists of
Cretaceous feldspathic sandstone and siltstone, Iron-
stene capped hills (mesas) are common, The inter-
bedded oolitic ironstone seems to be of sedimentary
origin, with iron possibly introduced after deposition,
The upper oolitic ironstone may partly have =

lateritic origin and may therefore occur at different

levels above the sandstone (Adeleye and Dessauvagie,

1970},
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Dwam is underlain by limestone-shale series
(Dukul Formation) recognized by Falconer (1911)-in
the the Yola-Muri area which he assigned to the.
lower Turonian, Beds of blue/gray black shales apre
interbedded with thin limestones (Carter et al.,
1963). The shales weather to form 'black cotton
soil,' which is a black clayey soil with high
shrinkage capacity. In many localities, the presence
of Dukul Formation can often be inferred from the
occurrence of 'biack cotton soil' and limestone
debris (Barber, 196%). Argungu is underlain by
massive white clay interbedded with coarse-to medium~
grained red sandstone (Kogbe, 1973}, mudstone and
organic.matezdals. The floodplain is underlain by
Tertiary sediment.

Lum@a is on Chad Formation for which a possible
Pl;ocene - Pleistocene age has been suggested (Barber,
1965}, The sediments are of lacustrine origin and
vary lithologically both laterally and vertically.

The bulk of the deposit is argiilaceous gray and blue-

gray clay but well defined sandy horizons do occur,
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In more recent times, dune sands accumulated and
several ancient dune systems can be recognised,

The Chad Formation has been penetrated at several] -
localities, It is underlain by rocks of the base-
ment complex, and Cretéceous shales, A bore-hole

at Muna (which is not far from the study site) at
kilometre 19, Maidugupi-Dikwa road, went to 550 me¥res

and was bottomed on hard sandstones (Barber, 1965),
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CHAPTER FOUR

4.0 ' MATERIALS AND METHODS

L.l Pield study

One transect in each of the study sites (i.e
Makurdi, Gadza, Dwam, Argungu and Lumda} was
selected for soil characterization, Soil profile
pits were excavated on different physiogrephic
positions depending on the landform. A total of
twenty-three (23) profile pits were excavated.
Makurdi transect had five profile pits sited on the
levee, levee/backswamp transition, backswamp, lowland/
upland frirnge, and uplénd; and they were labelled
pedons MD1l, MD2, MD3, MD4 and MD5 respectively. Six
profile pits, subsequently labelled pedons GZ1, Gzz,
Gz3, G4, GZ5, and GZ6, were excavated on the valley
bottom, valley fringe, middle and upper slopes
{upland) at Gadza. Upland soils were included in
the sampling to serve as reference points. At Dwam,
three profile pits, viz, pedons'DMl, DM2 and DM3 were

excavated on three different positions of the landscape




69

and were formed in different parent materials;

while Argungu transect had six profile pits (pedons :
ARl to AR6)} that occupied different positions of the
landscape and with different vegetation communities,
Three profile Dits, subsequently labelled pedons LD1,
LD2, and LD3, were excavated on different parent
materials with different vegetation commumities
(Pirki, Tabki and Sahel). Pedons LDl and LD2 were on
plains whereas pedon LD3 occupied a sand ridge.

The profiles were described (Appendix A)
Tfollowing the recommended procedure in 'Guidelines
for soil profile description' (FAO, 1977) using
horizon designations of Soil Survey Staff (1981).
Soil samples were collected from the identifieda

horizons for laboratory analysis.

4,2 Laboratory snalyses.

L.2.1 Physical and chemical analyses.

The soil samples collected were air-dried,

gently crushed, and sieved to separate the rfine earth
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fraction ( <<2mm) from coarse materidls,

Particle size analysis of the soiis. was done by
hydrometer method (Bouyoucos, 1962).7 The proportions
of sand, silt and clay were obtained from the hydro-
Zeter readings after which the textural class was
detemined using a textural triangle, The clay-free

sand and silt fractions of each horizon were calculated

as follows:
clay-free sand = ¢_sand ‘ ,
i% sand + % silt) x: 186

clay-free silt = % silt x 100
(% sand + % siit)

and

Bulk density mas determined by clod method (Blake,
1965) using paraffin wax melted at 60 - 70°%C, The
bulk density (Db) was calculated from the following

formula:
Db = dw Wods
sta - Wspw + Wpa - (Wpa dw)
( ap )
where
dw = density of H20 at temperature of

determination (25°C),
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Wspw = net weight of soil sample plus

paraffin in water, o AT

Wpa = welight of parafrfin coating in air,
dp = density of paraffin (approximately
0.9),
= Wsa oven-dry weight of soil

Wods = ’
1 + (P/100)

net weight of soil sample in aip

sample (clod or ped),

I

Wsa
P = percent water, on an oven-dry basis,
found in the subsample.

Soil pH was determined in both distilled water
and 1.0 KC1 (1:1, soil: solution ratio) using pH-
meter (Beckmann Expsndomatic 85-2) after equilibration
for 30 minutes. Exchangesble bases (Ca, Mg, Na and K)
were extracted with neutral 1.0M NHQOAC. Calcium
and Mg in the extract were analyzed by atomic
absorption spectrophotometry (Perkin -~ Elmer model 703),
while Na and K were determined with a flame photometer.
Exchange acidity was determined by titration method

using 1.0M KC1 for extraction (Mclean, 1965).

Effective cation exchange capacity (ECEC) is the summation
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of NHMOAC exiractable bases (Ca, Mg, Na and K) plus
KCl ~ extractable Al and H. The determination of

CEC was by sum of cations method, that is, acidity by
0.54 BaCl, -~ 0,055 Triethanolamine (TEA) pH 8.2 plus
bases by 1,.0M neutral NHAOAC (S0il Conservation
Service, 1984), Exchangeable Mn and easily reducible
Mn (ERMn) were analyzed by atomic abscrption
spectrophotometry; however, while exchangeable Mn was
extracted with neutral 1.0M NHMOAC, 1.0M NHAOAC
containing 0.2% hydroquinone was used to extract the
easily reducible Mn, Exchangeable cations and cation
exchange capacity values are expressed in cmol(+)kg-l
s0il (1 cmol(+)kg " s0il = 1 meq/100g of so0il).
Electrical conductivity (EC) test for soluble salt
concentration of the soil samples was determined in
distilled water (1:2, soil: H,0 ratio) at 25°C using
@ conductivity meter (Karl Kolb model) after allowing
the paste to stand for one hour. Solutions of 0,01M
KC1 (having EC of l.412 dSm-l at 2500; 1 dSm-l = lmmho/

cm) and 0.10M XC1 (having EC of 12,9004Sm T at 25°C)
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were used as standard reference solutions, Organic
carbon was determined by the Walkley - Black method
(Allison, 1965) using soil samples that were ground
to pass through 0.05%mm sieve (IITA, 1979). Deter-
mination of total nitrogen in soil samples was by
Macro-Kjeldahl method (Bremmer, 1965) using ortho-
bhosphoric plus sulphuric acid mixture for digestion
at 37000 for 3 hours in Tecator digestor system
(IITA, 1982), with N estima ted by Technicon's (AAIT)
sutc-analyzer. Available P was extracted by the Bray
No 1 method (Bray and Kurtz, 1945) and detefmined by
Technicon's (AAII) auto-analyzer.

The dithionite-citrate-bicarbonate (DCB) method
(Mehra and Jackson, 1960) was used fop extracting free
Fe, Al, and Si, For the determination of oxalate
extfactable or 'amorphous' Fe, Al, and Si, Tamm's
reagent (acidified ammonium oxalate, pH 3.0) and the
extraction procedure described by Mckeague and Dey
(1366) were used. The amounts of Fe extracted by the
two procedures {DCB and NHu ~ oxalate) were determined

by atomic absorption spectrophotometry (AAS); Al was
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by colorimetry (modified:aluminon) method (I1IT4, T
1979); and Si was analyzed colorimetrically (IITaA,
1979)*  The concentrations of the elements (Fe, A1,
and Si) are expressed as oxides vizg; FezoB(d)’ A1203(d),
and Sioz(d) for DCB extraction; and FeEOE(o)’ A1203(0)
and Sioz(o) for oxalate extraction,

Total elemental amzlysis was by the NEIZCO3
fusion method (Kanehiro eand Sherman, 1965)., Samples
were ground into fine powder to pass through 100 mesh
sieve, and soil sample: NaQCDjlratio of 1:5 was
fused in a platinium crucible at 95000 for about
3 hours. The solidified melt was then dissolved in
50ml 6.0M HC1l and then made to 250ml volume with
distilled water. Total elemental concentrations of
5i, Al, Fe, Mn, Mg and Ca were determined by atomic
absorption spectrophotometry (44S), while K was
determined by flame Photometry, After the fusion,
some of the soil samples (high in Si) gave gelatinous
orange colour appearance, Twenty millilitres of
these (gelatinous orange colour) exmtracts were then

dissolved in €.0M NaOH to get clear solution for
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elemental determination, The total elemental
concentration are expressed as oxides viz; 8102(+),

Al203(+)’ Fe203(+)’ Mno(t), Mg0(t), Kég(t) and

Cao(t).

L,.3 Mineralogical analysis,

L.3,1 Particle separation: Particls separation

was done by the combined method of wet and dry sieving,
sedimentation and decantation (Jackson, 1956). Sand
Separation was by wet sileving using a 50 micron nylon
sieve supported on a glass funnel to deliver into
1000ml cylinger. The thoroughly dispersed and
freshly stirred soil suspenéion was allowed to stand
for 4O seconds and was then decanted through the sieve,
All grains were then washed into the sieve by means of
a8 coarse jet of water, The remaining silt and clay
were washed from the sand on the sieve by means of a
coarse jet of water until a clear washing solution
comes through the sieve and funnel, The sand
fractions (»50 microns) were carefully transferred

to a pyrex ¢rucible, dried in the oven at lOSOC for

24 hours (Brewer, 1960), weighed and preserved in

desicecator for further fractionation,
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he3.2 Sand fractionation,

A set of four sieves - 1000, 450, 225, and
75 microns, were arranged in the order listed, The
dried sands (:>.50 microns fraction) were poured into
the upper 1000 microns sieve, thus after 21 manually
applied strokes the sand particles were separated into
2,0 - 1.0mm, 1,0 - 0.45mm, O.45 ~ 0.225mm, 0,225 -
0,075mm, and 0.075 - 0.05mm sand fractions; these
represent very coarse, coarse, medium, fine and very
fine sand fractions respectively on the United States
Department of Agricul ture (USDA) particle size scals,
Bach fraction was weizghed and preserved.

Soil samples suspewcted to contain high iron
oxide coatings were pretreated by the dithionite-
citrate-bicarbonate (DCB) method (Mehra and Jackson,
1960) to remove the iron oxide coatings before the

samples were dispersed, and fractionated.

Silt and clay separation:
The suspension of silt and clay particles
( < 50 microns) was mde up to 1000ml with distilled

water and vigorously stirred. The principle of Stoke'sz
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law was used to calculate the time. of sedimentation

of silt particles., At 25°C (room temperature),

2 microns particles settled through water for a depth
of 30cm mark from the liquid surface &2t & sedimenta~-
tion period of 20 hours, 39 minutes. The suspension
above the 30cm mark (eclay fraction) was carefully
siphoned into a beaker with application of little
suction, using & long rubber tubing. The clay
fraction obtained was kept for X-ray analysis. The
remaining liquid over the sedimented silt fraction was
drained off by tilting the cylinder. The silt
fraction was removed with some distilled water and
strong agitation of the cylinder into a pyrex crucible,
and dried in an oven at 105°C for 24 to L4& hours. It

was then kept for X~-ray analysis,

L.3.3 Petrographic studies of fine
sand fraction,

Separation of light and heavy mineral
fractions:

The fine sand fraction (.225 - ,075mm) was

further separated into light ana heavy mineral
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fractions. Bromoform (s.g = 2.89) was filtered
through an llcm Whatman 42 filter paper into & 100ml
separating fumel up tomaximum diameter level, The
fine sand fraction was added and thoroughly stirred
with a glass prod. After three hours, the heavy
grains (s.g > 2.89) were obtained by running the
sample plus bromoform through a filter paper urder
suction in & filter funnel over & Buchner flask. The
grains were then washed with acetone and dried. The
light mineral fracﬁion (s.£< 2.89) was also collected

in the same way.

Grain mounts and slide preparation:

A drop of canada balsam (R.1 = 1,54) was placed
on & glass slide, and with a microspatula enough
subsample of the fine sand fraction was taken to ensure
uniform coverage of an areaaﬂout 22mm squAare on a glass
slide. This was covered with a cover glass,
Tdentification of minerals was made according to their
optical properties {({e.g. colour, shape, pleochroism,
hirefringence, and extinction). Grain counts were

rade and amount of individual mineral grain count is
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expressed as percentage of total grains counted,

Le3.4 X-ray analysis of the silt fraction,

The dried silt fraction (.05 - .002mm) was
ground into very f ine powder by using 4n agate mortar,
The modified form of the wedge method for random
orientation and Back-filled box mount (Jackson, 1956)
was prepared by filling'the recess of the wedge with
the sample, The surface of the mounted sample was
carefully smoothened ﬁntil it formed a sharp edge
Tlush with the lower side of the stainless metal wedge.
The mounted samples wepre then X-rayed using a Phillips
X-ray diffractometer with Fe-Ke( radiation (wavelength

of 0,133%7nm),

L.3.5 ZX-ray analysis of the clay fraction.

Sample pre-treatment and saturation
of exchange complex:

Clay separates { £ 2 microns) of the soil
samples were segregated after the removal of organic

matter with 30% hydrogen peroxide (H202), and iron
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oxides by the dithionite-citrate-bicarbonate- (DCB)
procedure of Mehra and Jackson (1960),

The c¢lay suspension was divided into two 50ml
polythene centrifuge tubhes. Half of this was
saturated with Mg using 1,0M Mg-acetate (Mg(OAc)2) in
a method described by Dixon (1982}, The clay fraction
in the other 50ml centrifuge tube was saturated with
potassium (X), using 1.,0M KC1 for saturation in the

same manner as for Mg-saturated samples,

Mounting as oriented aggregates:

The oriented aggregates of the Mg-and K-saturated
samples were prepared by the Glass-Plate technique
(Whittig, 1965}, using pipette method after adding
suffficient water tco the sample to ensure comnlete
dispérsion. Glass microscope slides (2.6 x L.6cm)
were used. As much of the suspension as c¢an be held
by.the film tension was added and allowed to dry

completely at room temperature.
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Solvation with ethylene glycol:

Half of the Mg-saturated sample slides were
later glycolated with ethylene glycol vapour for four
hours in m desiccator. The ethylene glycol was
heated to boiling point and quickly poured into the
Petri-dishes arranged below & metal gauze {(on which

the sample slides were arrarged) in a desiccator,

Heating at 11000, BOOOC and 55000.

The K-saturatea sample slides were heated in
an oven at 110°C for four hours, and later in a muffle
furnace at BOOOC for three hours. ffter cooling, the
slides were subjected to X-ray diffractometry analysis
i.e. X-rayed arfter 110°C heating and also aftep BOOOC
treatment, The same slides were later heated at 550°C
for four hours, and then cooled,

X~ray diffractometry (XRDJ analysis was performed
on all the sample slides after treatments consisting
of Mg-saturation (air-dried), Mg~saturation {(glycolated),
K-saturation (air-dried), and heating at temperatures up

to 110°, 300°C, and 550°C using a Phillips X-ray
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diffractometer with iron (Fe-K& ) target. The
scanning range was 2°26 to 35°20,

Interpretation of the X-ray diffractogremms was
by measurement of diffraction spacings (the d-spacings)
and reference to standard tabulated diffraction spacings
of minerals, The quantities of minerals present were
estima ted from diffractometry intensity by measuring the
relative height of diffraction Peaks and the width-ats
half peak height, The pesk height multiplied by width-
at~half peak height proposed by Karathanasis and Hajek

(1982) was used to calculate the peak aress.

L. Potential Productivity Ratings,

The soils were rated for swamp rice preoduction.
The multiplicaticn model of land productivity index
| was adopted. It is in line with Storie index but with
appropriate modifications to refiect the soil,
drainage and other land-surface factors limiting the
cultivation of swamp rice and dry season cropping

(of sorghum) in the selected wetland soils.
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The following ratings used for soil depth and
drainage were obtained by modifying the ratings of
FAO (1965) in order to reflect the special water

requirements of swamp rice.

Ratings for soil depth and drainage.

Criteria o Ratings
i, Water-logged or deep poorly 1.0C
drained swamp'soils 100
2. Deep poorly-drained soils 0,80
3o Deep somewhat poorly-drained
soils 0.75
LTI Shallow, poorly-drained soils 0.60
5. Deep excessively drained loamy
sand soils (kegosols) 0.4O - 0.50
6. Deep, well-drained soils 0.40

In assigning ratings for soil texture of the
plough layer (20cm of the surféce), the influence of
stoniness on workability, availability of mutrients

and moisture, and development of roots were considered,
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The following ratingsproposed for texture by

FAC (1965) were adopted.

1.

L.
5.
6.
7
8.
9.

io.
11
12.
13.
iy,
15.

Criteria
Soils with over 61% stones and
gravels,
Soils with 41-60% stones and
gravels,
Loamy sand with 30-LO% gravel
Loamy sand with 20~29% gravel

Loamy sand with 10-19% gravel

Loamy sand with <10% gravel

Sandy loam with 30-40O% gravel
Sandy loam with 20-29% gravel
Sandy loam/sandy clay loam with
20-29% gravel.

Sandy loam with 10-19% gravel
Sandy loam with <10% gravel

Clay loam with <{10% gravel

Sandy clay with < 10% gravel
Sandy clay loam with <10% gravel

Sandy clay/sandy clay loam witn
<10% gravel,

Ratings

0.10

0.11 -
0.45 -
0.56 -
C.75 -
0.81 -
O.46 -
0.66 -

0.70 -
0.76 -
0.81 -
0.86 -
0.96 -
0.98 -

0.30
Q.55
0.74
0.80
0.8Y4
0.65
0.78

0.75
0.80
0.85
0.80
0.97

0.97
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The nutrient retention ability of soils is =
function of the clay mineral or the cation exchange
capacity of the wvarious clay types. Ratings fopr

nature of clay were assigned according to FAO (1965).

Criteria Ratings
1. Soils with minly kaolinite
and sesquioxides 0.90
2. Soils with mixture of clays
for hydrcus micas. 0,95
3, So0il with mainly smectite and
allophane, _ 1.00

The presence of weatherable minerals within
200cm of the soil profile has been considered as one
of the conditions of high fertility (Young, 1976).
The rollowing ratings were proposed for mineral

reserve based on the amount of weatherable minerals in

sand fraction,
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Criteria Ratings

1. Low reserve ( < 10% weatherable

minerals). 0.85
2. Fair reserve (11-30% weatherable
minerals). 0.95

3. High reserve ( > 30% weatherable

minerals), 1.00

Salinity has been considered as one of the
problems of wetland soils especially those of flood-
plains (Al-Jansbi and Lewis, 1982). The following
ratings were proposed for salinity condition based on

soll and land reguirements of rice (P40, 1978).

Criteria Ratings

EC (at 25°C) of 0-0.2aSm~t 1.00
-1

EC of 0.2 - 1.048Sm - 0.75 - C.8L
-1

EC of 1.0 ~ 2.0dsm + 0.50 - 0.7L

EC of 2.0 - 4.03Sm + 0.L0

BC of > 4,0 asmt 0.10

The following ratings were propcsed for reinfall

condition vased on the environmentsl requirements for
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rice production,
Criteria Ratings

Mean annual rainfall of

1501 - 2000mm. 0.81 - 1,00
Mean annual rainfall of

1001 - 1500mm, 0.71 - 0.,8C
Mean annual rainfall of

750 - 1000nmm, 0.51 - 0.70
Mean annugal rainfall of

500 - 750. 0.30 - 0,50
Mean annual rainfall of

<:500mm. 0.10

The potential productivi ty index was calculated

ass
P = D.T.A.M.S.R.
where
P = Potential productivity index,
D = O5c¢il depth and drainage,
T = Soil texture,
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= HNature of ciay,
= Mineral reserve,

0 0 =
I

= Rainfall condition,

The potential Productivity indices were

expressed as fractions.




69
CHAPTER FIVE
e -_—mw

5.0 U RESULTS . AND DISCUSSION

S5¢1 Gemerel scil propertics

5.1.1. Soil morvhology and landform
- Zeistionship,

; ‘ : "
The Makurdi site is & river floodplain ;

-

consisting of lévee, backswamp, and upland (Fig. 3&);
Schematieally, the landform of Gadza cousists of
upper slope, middle slope and lowland 9051tionb
(Pig. 3a). The different physiogresphic positions
contain different soil types., Dwam transect consists
of soils fbrmgd in aliluviel, shale-dominated, colluvial/
limestone materisls respectively. The limestone-
daerived ssils occupy higher lendform position, wheresas,
on the lowland portions, soils are developed in the
shaie/clay materials., The upland (limestons) abruptly
grades into shalelclay lowland,

Both'ﬁakufdi and‘Argungu have ajmiiar Landforms.,

However, the lendfore at Argnngu mite aUura“s mers

complex, having fwo levees (distal and proximel, Fig 3b)

o
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Makurdi transect
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Fig.3a © Scheiatic landforms and location of “profiles
of Makurdi, Gadza and Dwam transects.
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Argungun_transect
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1
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!
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Lacustrine deposit

o e - e

Fig. 3b | Schematic landforms and | -aotion of profiles
of Argungun and Lumda transects.
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end is made up of Tertiary sediments (Kogbe, 1973).

The landform of Lumda transect consists of a- series

of plains and a sand ridge. The plains consist of -

shale~dominated parent materials occupying & sdightly-

lower elevation than the shale/sand mixed parent . -i. ‘za:

materials, Sand materials occupy & higher elevation,. -. -
The different physiographic positions. contained = -

soil types formed in different parent materials.,

Morphological propertiesfﬁf thg pedons sampled are -

given in the profile descriptions {Appendix A).

Pedon MD1 which occupied the levee had brownish colour

and was mottle-free whereas pedons MDZ, MD3 and MDY

were grayish and mottled below the epipedon, Pedon

MD5 which is an upland soil had red subsoilf:_ Pedons .-

MD2, MD3 and MDL are consideredxhydromorphic;because of

the preponderant mottles.  Low chroma was typical of ...,

pedoﬁs MD3 and MDL but in sddition pedon MDL had . . i

nodules and concretions, Formation of mottles

involves oxidation and reduction of Fe and Mn compounds

(Veneman et al, 1976), and is favoured by the seasonal

fluctuating water table and'rlat tqpography of the site. -
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The presence of nodules/concretions in pedon MDY
indicates rapid changes in geration and concordant
fluctuations of redox potential in the soil. When
the diffusion of oxygen throughout the soil is - :
limited by increasing moisture. content, the redox
potential drops and compounds.containing Fe and Mn - -
would become reduced (Gotoh and Patrick, 197.L).
Iron and Mn are mobilized by reduciion ard can - -
contribute to the formation offmottles or concretions
when the soil environment becomes more oxidised during
subsequent drying cycles., The physiographic position
of pedon MDL (lowland/upland fringe)_ is also a
contributing factor to the presence and e&abundance of  _
mottles. Pedon MD1 owes:. its high groundwater table
to the water level of River Benue. Angular and
subgngular blocky structures:were.common, £ .7 f W T
In Gadza transect, pedon GZ1 whicht occupied a
physiogrephic position similar to thaﬁ of pedon MD1
also had brownish colour. It was, however, mottled
below the epipedon. This most probably‘indicatesfa

inf'iuence of fluctuating-groundwater'table.. Pedon GZ2 -
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had a permanently high groundwater table that-

becomes shallower during the rainy season; grayish
colour with low chroma, and was free of mottles, This
is an evidence of gleization, -Apart from the® presence
of mottles in pedon GZ3, it had simidar morphology to
pedon GZ2. Field observations showed & zone of
saturation at 96-1llcm (2BA horizon) depth, - Pedcén GZh
which occupied the valley fringe had = vrownish colour
with high ckroms and was mottled below the epipedon,

The sizes and contrasts of the mottles (Appendix A)
indicate great influence of alternating wet/dry soil
conditions, The sphericai shapé of the ironstone
pebbles and boulders observed at 9% - 169ch (BC horizon)
scil depth may be ascribed tc past erosional: processes
and depositioh° The upland soils (pedons GZ5 and GZ6)
had distinctly red hues (2.5YR and 5YR) and were free
of mottles. The decreasing redness off'soils downslops °
can be ascribed to incfeasing hydration of iron content
as explained by Torrent et al (1984), and Schwertmann
(1985). Iroﬁstone pebbles and boulders were observed

at 140-182cm {2Bt2 horizon) and 160-200cm (2C horizon)
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soil depths in pedons GZ5 and GZ6 respectively. . &

Morphologic differerces between pedons (GZ5-and GZ6.: ..

T

were slight, because they-sboth had firee::internal
drainage. The dominant structure in all the six . - .
pedons on Gadza transect was subangular-blocky. o
Alllthe three pedons cof Dwam transect had
morphological features which wefe'uompletely different ..
from one another. Pedon DM1 had -brownish colour and
was mottled below the.epipedon. The preponderant
black Mn/Felnodules/concretioﬁs and occurrence of
mottles feflect the influence of alternating wet/dry
conditions énd fluctuetions of redox potential in the
soil. The major distinguishing feature of pedon DM2
which occupied a dépression‘is the occurrence-of some -
vertic properties, The soil had about 3c¢m wide cracks
that extended from the soil surface to about 42em = .. °=
depth and had pressure su?f&bes:(siickenéides) inathe
suﬁsoil. The pedon is characterised by seasonal
moisture doficit sufficient to induce cracking. So0il
_displacement, as evident by the presence of |

slickensides, had been attributed to differential . -:_-
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wetting in the subsoil (Dasog et al., 1987). . The
pedon had weak horizon development and mottled

grayish colour. The third pedon of the transect
-(pedon DM3) had brownish colour, and was well-drained :
and free of mottles beceuse it coccupied a higher
elevation with free internal drainage. It had &
subsoil material of comeolidated limestone.: ..The wide
disparity in the morphological featu-res of soils -of Dwam -
transect reflects the geology of the study-site_(lime-
stone-shale series) (Falconer, 1981). - Pedon -DM1 is
formed in alluvium, pedon DM2 had characteristics of
'black cotton soils' d‘erived from shale, while pedon.
DM3 is formed in limestone., -

Pedons ARl and AR2 were brownish in .colour with &: ..,
preponderant low contrast mottles.... In addition,
sesguioxidic nodules/concretions characterized. pedon
ARl. A zone of saturatiom occurred:&t the subsoil
horizons of pedon ARl and ihe‘ pedon owes its poor
drainage condition to the water level of River Sokoto.
Pedon AR3 had brownish gray colour and was mottled

below the epipedon. Sesgquioxidic nodules/concretions
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were common features of 2chg1 (85-118cm) and 3Bw032
(118-160cm) horizons of this pedon. Pedon ARL -
which occupied the levee‘(distal/natural levee) was
pale brownish in colour with distinct mottles.= This . :
indicates that the soil is influenced by seasonal DR
alternating wet and dry moisture conditions. Pedon =
AR5 had morphological features-similar to those off - . ---
pedon ARL, except that the B, (40-71cm depth) and Bté
{71-110cm depth) horizons of pedon AR5 were wery sticky
and plastic, whereas the corresponding horizons in
pedon ARL were not, due toc the high‘clay content
contained in pedon AR5 (Fig Lb). . Pedon ARG was .
brownish and mottled below the epipedon. Although
subangular blocky was the dominant structure in all
pedons of Argungu tr&nsec@;,ﬁhe clayey surface_horizons
of pedon AR3 and.the Bt, {4O-7lem) and Bt, (71=110cm), .
horizons of pedon ARS weré‘angular blocky.

Pedons 1D1 énd ID2 had similar morphologic
featurés but the vertic properties were more developed

in pedon LDl because of its higher smectite content

(Table 5)., Both pedons were dark gray in-colour-and -
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mottled in parts of horizons adjecining cracks,
particularly near the bottom of the cracks. The

presence of slickensides in their subsoil horizons,

and cracks that opened to -the soil surface attest to

the presence of expanding ‘clay types- Pedon LDl had

many wide (about 7cm) cracks whereas: pedon LD2 had 2c¢m wid
cracks. Pedon GZ4 which occupied .the valley fringe

had a brownish colouf with high chroma and was mcutled
below the epipedon. The sizes and contrasts of the
'mottleé indicate great influence of alternating wet and
dry soil conditions. The upiand pedons of Makurdi and
Gadza transects (pedons MD5, GZ5 snd GZ5) had -
dinstinctly red hues (2.5YR and 5YR) whereas those of
Dwam and Argungu transects were brownish in colour.
The decreésing redness of soils downslope could be
asdribed to increasing hydration of‘iTOﬂgcontent-as
explained by Torrent et al; (1984). Soils-of levees
(e.g. pedons MD1l, ARl and ARL) and the valley fringe
(ﬁedon GZL) were sandy whereas those of backswamps
(e.g. pedons MD2, MD3 and AR3) were clayey._ This

reflects the influence of: floodwater flow rate and -
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deposition. The sandy texture of all pedons of

Gadza transect could be associated with the sandstone-
derived parent materials. -~ Also, the clayey texture
of pedons DM2, 1Dl and 1D2 hes to dowith the influence

of their shale-containing parent materials. rather than

the topography. ' - .

5.1.2 Physical and chemical properties,

Appendix B shows the bulk density and particle
size distribution data -of. the pedecns. . Pedon MD1 which
occupied the levee in Makurdi transect had loamy sand
texture whereas the other pedons in the transect were
clayey. The bimodal clay diétribution in pedons MD1
and MD3, and the irregular pattern. observed -in pedon MD2
could be a&n indication of & redistribution of the
finer soil materials or be related to the deposition
lhistory (Fig. L4La). However, in pedon MD5 the amount
of-clay increased with soil depth. The.iextural- |
diversity shown beiween pedon MD1l and tie other
hydropmorphic pedons ¥D2, MD3, and MDL is probably due

to the floocdwater flow rate. '~ Pedon MDl parent materials
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were deposited at a period of high flood since they -
aré dominantly made up of.sénd-size fractions..
(Appendices B and C). The finer soil particles of
the other pedons were prcbably in"suspension-and ...
transported for a lohgeriiime;:over greater distarices
~and deposited at a low Tlood period, “when there was _
less turbulence than those of pedon MD1. The higher
amounts of clay contained by the hydnomorphip:pedons
MD2, MD3 and MD4 than théupland pedon :MD5 corroborates
the influence of transportation and deposition of fine
 so0il particles over great distances at a low flood
period, In addition, pedons Mi)z, MD3 and MDL contained-

higher amounts of silt-size particles than sand.

GZ1 to GZL) are generally loamy sand to sundy” loam.
Pedons GZ5 and GZ6 which are of course upland ‘soils,

had loamy sand epipedon‘ and sandy c.lay" subsoilije thre v
clay-size fraction increased with soil depth. The

| presénce of argillic horizons in pedons GZ5 and GZ6 was

established from the eluvial~illuvial clay ratioc even -

though the presence of clay cutans was observable only
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with difficulty. The sandy texture of the soils .
of Gadza transect can be ascribed to Ihﬁugeology PR
(sandstone) of the area. -~ ° B

Pedon DM1 that occupied a levee/backswamp -
position had silty clay epipedon and loamy subsoil -
whereas pedon DM2 which Qccupied,aﬂdepression:had
clayey texture throughout the profile, In pedon DM},‘
the B horizons contained higher clay contents than both
A and C horizons (Fig La)., The wide textural diversity
shown among the pedoﬁs‘qf Dwam transect could be related-
deposition history and/or type of parent material.
The pattern of clay distribution in pedon DMl is mosi
probably due to the floodwater flew rate :{i.e. -
depbsition of fine soil particles at a low flood
7 period) whereas the clayey texture-of pedon DM2 is an
indication of the strong :influence exerted by the .
shale-dominated parent material, Presence of grgillic
horizons in pedon DM3 was establiched from the cleaf
clay increase in the B horizons and presence of clay
cutans. In Argungu transect, pedons.ARl and ARL

have sandy textures. Both pedens are-on proximal -
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and distal/natural - levee respectively. The -
pattérn of soil particle distribution in pedons AR2 il
and AR3 whereby c¢lay accumulated at the surface it
(Fig. 4b) is a reflection of' the floodwater flow rate -..
and deposition of fine soil particles; In pedons ARD
and AR6, the clay content:-increased with depth with
evident clay increase in the B horizons. In addition,
they contained clay cutans in their B horizons (Appendix
A).

The textural class of pedon LD1 was clay; that of
pedeon LD2 was. sandy clay loam to sandy c lay while pédon
ILD3 was sandy loan, This reflects the influence of
parent materials of the scdils of Lumda transect,

Pedon LD1 (with its shale~dominated parent materiali
occupied a slightly lower elevation than pedon LD2 which .
has shale/sand miied parént materials., ~Pedon LD3
ocqupied a higher elevatian and is formed in sand
matérials.

Table 1 shows some selected chemical propertiés
- of the pe&ons. Soil reactions .of the pedons of

Makurdi transect ranged from medium acid, PH 5.6 — 5.9
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Table 1: Selected chemical properties of the pedons -

Horizon ?epth pH (H,0) EGCEC - CEC EC Organmic ¢ Tosal N Bray=1P
cm)  (pHB.2) ggp=1 - (%) (%) (ppm)
cmel (+)kg~Tsoil

Malkurdi transect

Pedon MD1; Typic Ustifluvent 514h . -

Ap, 0=2h 6.5 3,73/ . 983 0. o.bg 0405 3.8,
A, 2459 6.k 4,10 13,53 0.3 0 0,21 0.0k 2.3
2BA 59--87 6.5 2,03  5.67 0.1 0.19 C.02 2.1
2BA,, 87-120 6.5 2.85. . 7.61 0.3 . .0.,20_. . 0.03 242
2BC 120. 168 6.4 3.39 8.35 0.2 L0416 . 0,02 1.8

Pedon MD23 Typic Udifluvent

A . 0-25" k.2 4,15 9.87 0.2 0,48 0.05 - 247
BA 25-60 6.3 2.25 7.0k 0,3 0.26 0,03 1.4
Bw, 60-07 6.2 2,25 7.83 0,2 0,34 0.0k 2.2
B, 97=130 €42 3.29 11.51 0.2 0.39 0405 2.1
BC 130=171 6.4 4,09 11,67 041 0.37 C.05 1.6
Pedon MD3; Andaqueptic Fluvaquent .

A - 0=30 k.9 6,69 25,4k 0,1 0,75 0.08 549
BA 30=45 5.2 h.éa 16,02 0.2 0.22 0.03 246
2Bw b5-70 549 5055  12¢98 0.2 0,37 - 0.05 2.8
2Bw,, 20113 601 8,73 25,517 . 0.2 0,18 - 0,03 - 19
ZBCg 113=182 5.8 7Jl - 24,72 03 -, 0.23 0.03 = 2.3
Pedon MD4; Agquic Kandiustult ' |

A O=22 543 4,31 1he2lh 0.1 0.76 0,08 2.9
BA 22-64 5.6 3,03 10,60 0.2 0419 0,07 0.8
ch,l 64=90 6.2 4,63 14,55 0.2 0.21 . 0.04% 1.0
Bwe, 90=128 6.2 3,78 9,80 . 0.2 0.09 0.02 0.5

B, 128-185 6.3 4,58 14,11 0.2 0.1, 0,03 0.6
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Table 1 Continued )
Horizon Depth pH (H,0) ECEC CEC EC Organic C Total N Bray=1il
' (pH8.2) dsm~" (%) (%) (ppm)
emol (+)kg=Tsoi1

Pedon MD5; Typic Kandiustalf

A Om26 Gkt 5043 1235 0.3 0,43 0.06 2,3
BA 26-59 €o3 2,95 6063 0.2 0.08 - 0,02 142
Bt, 59.80 6.2 3435 846 0,3 0406 0.02 1e1
Bt, 80=124 4,2 3.78 9,04 0.5 0,05 0.02- 1.0
c 124185 6.3 3.99 11489 0.3 0,06 . 0.02 1.2

Gadza transect

Pedon GZ1; Typic Tropaguept

A 0-21 k2 3420 8.47 - 0.2 053 -+ 005  11.h
BA 21-52 4,8 - 2,26 5.22 C.2 0.1k C.05 4,3
Bw 52-95 5.2 2.75 5.43 0.3 0.16 CoOk 1.5
BC 95-129 5,9 2.75 5.30 0.2 0,01 0,02 2.3
Cg 129-192 5,9 1,96 3.16 0e3 0.03 0.02 2.0
Pedon GZ2; Typic Tropaguept -
Ap 0=11 kb4 2,38 6,03 0.1 0,20 C.02 = 3,k
AB,- 11=32 5,2 2:l5 692 0.2  0.07 C.02 1.8
AB, 32=60 503 2,85 8.57 0.3 0.07 C.01 145
2BA €0-110 5.0 3.0 11,00 0.2  0.30 0.02 2.5
acg 110-168 5,1 2,71 945 0.2 0,06 C.0% 3.0
Yedon G2Z3; Typic Tropaquept |

A O=~18 b2 2,93 8.63 0o 0,22 0,03 245
4B, 18-55 5.1 2,57 5.28 0,1 0.06 0,01 143
AB, 55=96 563 2,62 6.02 0.3 0.11. 0.01 0.9
2BA1 96=111 5,0 3.04 . 10,54 0.3 0.36 0.02 142
2BA, 111=136 5.2 2.43 . 3,88 002 0,08 0.02 2.1
2EC 136=151 k.9 2J76 - 6,04 - 0.1 0.33 - 0.03 2.0

20 151"192 1'1'09 1.92 391"'6 o Oo’! OQOL;' 0.02 !4'32
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Table 1 Continued .
Horizon Depth §ﬁ_(H20) ECEC CEC EC Organic C Total N Bray=1P
(cm) (pH8.2) _dsm'_'1 (%) (%) (ppm)
cmol{+)kg=1s0il _ ’

Pedon GZ4; Aquic Quartzipsamment -

Ap C=20 5.3 2.4 G.65 0.2 - 031 0.03 1.9
AB, 20=40 503 2,05 8.39 0.3 0.20 0,04 1.2
AB, ho=60 5.2 1.61 4,57 0.2 0.09 0.03 1.1-
BA 60~93 540 1.09 h,12 - 0,2 0.12 0,01 = 1,07
BC, 93-169 5.3 1.71 L.Bg - 0.2 0.03 0.01 1.2
BCrg, 169-192 5.4 1.86 5.27 0.2 .- 0,01 . 0.01 - 0.8
Pedon GZE; Typic Kandiustult -
A 0= 5,7 2.0 7,36 . 0B~ 0.30 . . 0.02 14
AB 14=37 541 2.04 7,70 - 0,2 0«11 0,02 101
BA 37-92 4,8 2,06 773 . 0.1 0,07 . 0.02 141
2Bt, 92-140 5.0 3.38 - 0 8.3k 0.2 0,09 . - c.02 0.7
2Bt, 140-182 5.0 L,80 8.91 C.1 0.12 0.03 0.6
2c 182=207 5.1 3439 7.89° 0.1 0.07 0.03 Cu6
Pedon GZ6; Typic Kandiustult
A O=2k 5.5 2,36 6,54 0.2 C.2k Co03 243
AB 2h-59 4,9 1.88. 5,05 0,1 0:15° 0.03 2.6°
2Bt, 59=97 4,9 2,37 - 8425 0.2 . C.12. 0.03 1.0
2Bet, 97-160 5.0 103k 2.89° 0.1 0,07 0«03 C.8"
2C 160-200 5.0 1.61 Z.50 0.1 . 0.06 . 0.02 0.7
"Dwam transect
Pedon IM1; Tropaquent .
A 0-25 6.2 29,83 62,84 0.3 0.41 006 2.7
BAc 25wl 6o 19 602 46,02, 0.2 . 0.33 10403 1.9
Buc,, W2 6.2 23,19 53472 0.2 7025 . 0,05 1.6
2Bi'c, 72=103 6.4 23.77  50.64 0.1 0.20 . 050k Te5
EchB 103=135 6.7 19.26 45,98 0.5 . 0405 . 0.03 4.8

2C 135=179 6.9 5.08 16014 C.6 0,04 0.02 Lo -
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Table 1 continued

Horizon Depth pH (H,0) ECEC  GEC  BC - Orgamic C Total N Bray-1P
(cm) 2 (pH8.2)  gep= (%) %  (ppm)
cmal (+)kg=1s0il -~ -
Pedon IM2; Udic Chromustert .
A 0=20 6,0 24,78 55,67 0«2 . Ool2: 0,04 2.5
AB 20=42 645 28.05 58.20 0.5 0.40 " 0.03 1.6
B, 274 6.8 27,88 B57.67 - 0.3 0.31 0,03 203
Buw, 74=109 7.1 30068= 64433 © 0.7 0.1 . 0,04 = 1,8
BC 109=165 7.8 31,46 68,81 - 1.1 0e34 -~ 04025 1.2
Pedon DIM3; Typic Kandiustalf
A 0-18 7.3 6,03 23,24 . 1,0 0,13 . 0403 3.0
AP - 18=b43 6.6 L,10 14,30 0,6 0.09 . _ 0,02 2.4
Bt, Y376 o5 3,86 9.55 C.3 0.08 . 04,02 1.2
2Bt 76~120 5,1 6,51 19407 - .03 - 0,05 = 0,02 ° 1.2
2C 120-160 6.8 8.2 26,67 - 0.2 G.06 0,02 C.9
R 160-175+ 8,2 10,87 39.48 042 0.06 0.02 0.7

Argungu transect

Pedcn AR13; Andaqueptic Fluvaquent :
A 0—35 L"O? 11 085 39 051* 002 0073 0007 ' 3-0

4B, 3561 5.3 10,64 32,16 0.2 . Ook3 0.0k 1.8
2AB, 61=101 6.k 6,64 21.04 0.2 . 0,02 0.02 1.2.
2Bweg, 101=128 6.7 3,91 G087 0.3 0,02 0.01 ~ 1.5
2Bweg, 128=157 7.2 5:63.13.60 0.5 0.05. .~ 0401 049 -
2BCg, 157-173 608 488 11,48 0.4 0.08 0.02 1.8-
2BCg,, 173+ 6.1 10,30 33401 0.3 0609 0.02 1.2
Pedon ARZ; Andaqueptic Fluvaguent 7
A =24 Se7 12=53 43,81 0e2 0,55 0,06 143
Bw, “2k-50 5.9 1244 41,38 041 - 0,13 . 0,03 0.9
_ 2Bw2 50m77 640 6,75 25,40 0.2 0,03 0,02 1.1
2BC, 77=110 6.2 Lol  9.56 0.2 0605 €02 149

2302 MO=179 6,2 1.67 3.00 042 003 - C.01 L9
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Table 1 {(contd.} NI T

Horizon Depth pH (H,0) ECEC. GCBG - EG Organic C Total N Bray-1P
(cm) 2 . (pHB.2) gsn~! (@) ()  (ppm)
cmol{+)kg=1s0i1 -
Pedon AR 33 Trorpaquent .
A Ce31 5.5 20,73 48,22 0.5 0.56 .0k C.%
BA 3158 507 2h .1k 53.21 0.5 0.43 0.05 0.8
Bw, 58-85 6.1 22,15  51.64 0.8 0,37 0.05 0.8
2Bwecg, 85118 7.6 9.71 -32.30 1.4 0,03 C .02 1.1
3chg3 118-160 7okt 9.88 3184 2.0 0,03 0,02 0.9
2BCg 160=194 73 1050 Lah 1,2 0.04 0,01 0.3
Pedon ARL; Typic Ustropept :
A 0-18 4,9 L 72 12.06- 0.2 0453 C07 . 7 o7
Bw 18=50 Se6 9.4 34,45 042 :0.17 0.03 145
BC 50-85 543 3,30 7.92 0.1 . 0,05 0,02 2.1
c 85-170 5.9 136 3,96 0,2 0,02 0.01 3.1
Pedon AR5; Albaguic Paleudalf
A 0-21 5.6 8,34 22455 0.6 051 C#06 2.k
- BA 21=40 6.9 13 .0k 35,84 0.8 0.31 0.05 1.8
Bt, Lo-71 8.0 12436 29,67 4.1 0,06 04,03 1.2
Bt,, 71=110 72 769 21,00 142 0.03 0.02 140
BCg 110=140 65 1.38 3.61 0.7 0,03 0.01 2.
2c 140-165 6.1 2,79 6010 0.5 ° 0.09 © 0.,02 8elt-
Pedor AR6; Kanhaplic Haplustalf
A 0-22 505 3476 8492 0.2 D37 0405 -~ 541
Bt,, © 22-41 5.9 1279 36.4F 0.3 0,28 0406 2.4
Bt, 41=59 546 12,21 21456 0.2 0.2k 0,03 143
Bty 59-88 5¢3 8,89 26,00 0.2 015 G002 142
BC 88~113 5.7 L 22 9.8t 0.2 0403 0002 142
c 113-180+ 6.6 1,05 2.62 0.2  0.06 0,01 2.k
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Table 1 (contd,)

‘Horizon Depth  pH (H,0) ECEC  CEC B . Organic C Total N Bray—i
{ew) (pH8.2) dsm™ (%) (%) (ppm)
cmol{+)kg~ls0il -

Iumda transect
Pedon ILD1; Typic Pellustert :
A 0=18 601 28,40 68,59 0.4 b3 0,05 3ok

AB 18=38 7.1 2b,56 51,37 0.8 043 0403 2.6
Bw, 3857 7.1 30,80  73.54% 1.6 . 0oh1 0.0k 1,9 3
Bw,, 57=96 7.6 31,12 7820 2,1 -'0.25 0403 C 1.8°
2BC 96=119 7.2 22,68 48,81 1.1 --0,0L 0,04 2.6°
2c 119=162 7.6 12,01 31,43 0.9 - 0,32 T 0002 2 o
Pedon LDZ2; Typic Chromustert

A 0=14 5.1 6483 1531 0.2 0.19 040k 3.2
2BA bl 5.9 16429 - 48,27 0.3 0.13 0,04 1ok
2Bu, bhaB5 6.6 17,35  46.0C 0.5 0.1k 0.02 049
2B, 85=117 7.7 20,3 49,63 1.0 0,09 0.03 1.0
2BC 117=-137 840 18 ot 37,71 1.8 0.05 0,02 0.7
2C 137-181 8.1 1145 24,08 2.0 010 0,02 1.0
Pedon LD3; Oxic Ustropept

A 02k 6.6 1274 38,62 0.5 0.57 G.05 142
AB 2hably 7.2 22,78 53,16 0.5 0.1 0.0k 0,8
2Bw,, Li-sg 8.0 30,09 69,05 0.8 0,22 0.05 Cib
2Bw,, 56=85 8.3 30490 71.28 4.0 0,24 0,04 . . 0.,8°
2Bw., 85=115 7.7  35.20 72:01 1.5 0,07 0,03 = 3.0

2CB 115=160 7,7 24,93 49,80 1.5 0.0k C.02 3.2
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(pedons MD3 and MD4) to slightly.acid, pH 6.3 ~ 6.4
'(pedons MD1, MD2 and MD5). Soils of Gadza transect
exhibited more acid reactions {(Table 1), Soil
reaction ranged from strorng ly acid, pH 5.2 (pedons GZ2,-
GZ23, and GZ4, mostly hydromorphic) to very strongly
acid, pH 4,8 (pedons GZ1,-GZ5 and GZ6).-

Soils of Dwam transect exhibited soii reasctions
ranging from strongly acid, pH 5.5 {(pedon DM3) -through-
slightly acid, pH 6.1 (pedon DM1l) to neutral, pH 6.8 .
(pedon DM2).‘ This reflects different leaching
envircnments and parent materials, The lower horizons
of pedons DM2 {109 to 165¢m) and DM3 (160 to 175cm)
showed mildly alkaline (pH 7.4) and moderately alkaline
{pH 8.2) reactions respectively. In pedon DM2, this
could be attributed to the relatively high values of -
‘exchangeable Na and/or Ca whereas the high so0il pH of ..
the lgwer horizon of pedon DM3 is attributed to: -
ﬁeathering of calcific material at this depth. In
Argungu transect, the soil re«action ranged from
strongly acid, pH 5.3 (pedon AR1l) through medium -acid,
pH 5,6 - 5.9 (pedons AR2, AR3, ARu and -AR6)} to neuntral,
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pH 6,9 (Pedon ARS). The lower horizowms of pedons
AR1 (128 to 157cm), AR3 (85 to 118cm)-and AR5 -
(40 to 71cm) bad neutrel (pH 7.2), mildly alkaTine .
(pH 7.6) and moderately slkaline (pH 8.0)-reactions
respectively, The soll reaction of pedons LDl and -
LD3 was neutral, whereas pedon LD? had -medium acid T
reaction, In this transect, the soil pH increased
with soil depth. The saprolitic horizon (2C) of pedon
LDl had a mildly alkaline (pH 7.6) reaction, whereas the
saprolitic horizon of pedon LD2 (13? to 18lcm) and the
B horizon of pedon LD3 (56 to 85cm) ﬁere moderately
alkaline (pH 8.1 - 8,3). This could be attributed to
high ¢lay contents in pedons LD1 &nd LD2, the relatively
high values of exhhangeable Na and/or Ca in the three
bedons, and weathering of the shale~containing parent
-materials in pedons LDl and LD2. P

1f the pH difference, leH {pH - pHﬁ 0), was
caicu]ated for all horizons it would give nega*ive
values except for the lower horizons of pedon GZ6 (an

.upland well-drained soil), suggesting the dominance of
silicate clay minerals over oxide minerals (Van Raij-

and Peech, 1972).
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Abundance of silicate clay minerals in the pedons
corroborates the negative pH difference. The lower
'hofiZons of pedon GZ6 (an upland, well-drained soil)
were exceptions., A zero Zﬁhﬂitmtained in the lower
horigons of pedon GZ6 would indicate & system approaching
zero point of net charge {Van Raij and Peech, 19725 Keng
and Uehara, 197L; Gallez et al; 1976; and Sanchez,-
1976).

The distribution of exchangeable cations are -
also shown in Appendix D. The low exchangeable bases
(Cé, Mg, Na and K) generally observed in soils of
Makurdi transect could be associated with the soil
mineralogy and geology of the area. Low activity
kaolinite clay mineral dominates-in these soils that
are formed in sandstone. . Relatively high exchangeable
bases obtained in the subsoil horizons of pedons MD3
and MD4 could be iinked'withjthe high clay content.
Soils of Gagdza transect had low exchangesable bases
values due to their sandy texture.

Pedon DM1 had high accumulation of bases (29.36
cmol (+)kg-1 of soil) at the epipedon and 23.10cmol(+)kg":

of soil at the 2Bwe, horizon {72 to 103cm depth). .
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This could have resulted from base-rich parent
materials and contribution from amual floods. The
exchﬂngeable bases content was higher in the subsoils
of pedons DM2 and DM3 than in their surpface horizons
but was highest for the subsoil formed in shale -: -
material (pedon DM2), The low exchangeéble bases
content of pedons ARl and ARL could be due t¢6 their
‘'sandy texture whereas the relatively high—accumulation
of bases at the surface horizons of the remaining

‘pedons of Argungu transect 1is gasocliated with clay
distribution. High exchangeable bases in pedons of
Lumda transect could have resulted from the base~-rich
parent materials and lack of evidence of leaching
(especially in pedons LDl and Lp2)., <Calcium and
magnesium dominated the exchange -complex of &ll pedons.
Both exchangeasble Nat and K were generally low

AAppendix D). e
Chemlcal properties reflect-the influence of -

clay content and the clay mineralogy of the-different
soils., The effective cation exchange capacity (ECEC)
of the pedons-is shown in Table 1. All pedons of

' ﬁakurdl and Gadza transects had low EGEC values

ranging fron 1.09cmol(+)kg-l of- soil in.BA horizon
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(60 to 93%~cm depth) to 8.73cmol(+)kg"1 of soil in =

Bw. (70 to 1l3cm depth ) horizon of pedons GZL and

2
ﬁD3 respectively. The low ECEC corroborates well

with their coarse texture {(Appendix B). = Low clay -

" activity could be inferred from the lew gxchangeable

¥a and Mg values in addition to:the dominant kaolinitic
clay mineralogy.

Pedons with horizons rich in smeetitic clay
(pedons Dﬁz, 1Dl and LD2) had higher ECEC values. Such_
horizons inélude BW,, (74 to 109cm depth).or pedon DM2,
Bw,, (57 to 96cm depth) of pedon LD1, and 2Bw, (85~117¢m)
of pedon LD2 with ECEC values of 30.68, 31.12 and
20.31 cmol(+)kg—_l of soil respectively, 7Pedons DMl and
LD3 had no detectable smectitie but were rich in - :;:
exchangeable bases, especielly Ca and Mg.  This
may be due to the high clay content pffpedon BMI; o
Pedon 1D3 forms on lacustrine deposits and the high Ca
‘content reflects the parent'materials. All pedons of
Argungu transect aﬁd pedon DM3 had relatively low
ECEC values, However, horizons with high -¢clay content

had higher ECEC values. - Such horizons include the
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upper three of pedon AR3 with ECEC values of 20.73,
oLl and 22.15cmol(+)kg T of soil. . .

cation exchange capacity {CEC, pH.8.2) values
were generally higher than the correggondinngCEC
values. This is because of the increase in negative.
éharges.due to high pH of the extractant, In most .of ..
the pedons sampled in Mekurdi, Gadza, ggam-(exggpi -
pedon DM2), and Argungu, the CEC values generally
decreased with soil depth (Table 1), Correlation
analysis of the pedons showed thatfa:positive corfelation
(r = 0.32) exists betweeﬁ CEC sand organic carbon content.
This probably rellects the contribution of organic
matter content (e.g. in pedons MD2, Gz3, DMl and.ARu)
to total CEC which Kadeba.aqé,Benwamiggen (1976) hagd
reported to account for between 56 and 83.percent of the
vériations in the CEC of tropical topsoils. - In pedons.
DM2, LDl and ILD2 the inf'luence ofgqlay;gontenpfgnd -
particularly the clay mineralogy &ppear more prominent
then that of organic metter on CEC values. A positive
correlation (r = 0.47) 8lso exists vetween CEC and clay

content for the pedons studied. - . R
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The difference between (pH 8.2) and ECEC is
hereby regarded as the pH-dependent charges (PDC) .. 7:
value, The values of the pH-~dependent charges (PDC):
are shown in Appehdix-D. Generally, the PDC decreased
with soil depth in the pedons studied. Some subsoil
'horizons, however, had relattyelx‘high’PDC values.
Such horizons include 2BCg (113 to 182cm: depth), 2BA ..
. (60 to 110cm depth) BC (109 to 165cm depth) end 2BCg,
(173cm  +) of pedons MD3, GZ2, DM2 and ARl respectively.
This marked incresse in the PDC mayrpoint to the presence
of amorphous alumino-silicates at depth (Eswaran and Bin,
.1978). Close association exists between high PIC and
F6203(o) and A1203(o) in 2Bw, (56 to 85cm depth),
BC (109 to 165cm depth) and 2BA (60 to 11OGcm depth)
horizons of pedonleDB, DM2 and GZ2 reépectively
(Table 2 and Abpendix D). ~ Mckeague and -Day (1966)
had reported earlier that‘high amounts of oxalate
extractable Fe and Al are usually assogiated with
horizons having high pH-dependent chafges. Soils of
Gadza transect had low base saturation (efféctive) -

whereas soils of the other transects had relatively ...
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high base saturation. Electrical conductivity (EC)
values are expressed in asm~ 1.

All pedons of Makurdi and Gadza transect had
low electrical conductivity. (EC) values (Table 1) that

1

ranged between 0.1 and 0,5dSm ~, whereas pedons DM2

1

E

and DM3 had 1.1 and 1.,0aSm ~ EC.at their subsoil i
(109~ to 165cm depth) and surface (0~ to: 18- cm) -
horizons respectively. Salinity as indicated by EC -
was greater in the lower horizons of pedons AR3

{118~ to 160-cm depth), AR5 (40- to 71- cm depth) and
all pedens of Lumda transecf. Electricsal donductivity
measurement suggests that soils with perched water
tables {e.g. pedons LDl and LD2) and those pedons -on
micro-depressions (e.g. pedons .DM2, AR3 and AR5)
contained high soluble salts.

.The organic carbon content of .the surface - <o
horizons of the pedbns studied ranged between 0.13%
(pedon DM3) and 0.76%, (pedonﬁupu);-and decreased wi-th
soil depth (Table 1). 'The geﬁerally low organic
carbon content of the pedons could be due to the

spérse vegetation cover and high rate of organic matter
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mincralisation during the dry season-which inciden-
tally is a longer period in Dwam, Argungu snd Lumda ». =
than the wet season. The irregular decrease in
organic carbon with soil depth observed 'in pedons MDI
MD2 and MD3 (Table 1) is*typical.of Fluvents {(Soil
Survey Staff, 1975). Total nitrogen content of the
soils was generally low, ranging between 0.02% (pedon .
GZ5) and 0,08% {in pédon MDL) in thé surface:horizons
and decreases slightly with soil depth. ..Available P
was generally highest in the surface horizons of all
pedons, ranging from 1.2ppm (pedon LD3) to 1l.hppm
(pedon GZ1), It decreases with depth, except in
pedons GZ2, GZ3, DM1, AR2, LD1 and LD3 which hed .
relstively high P cantents in some of their lower
horizons (Table 1), High concentration of available P--
and organic-Carbon in the:surface hopizons may imply -
significant organic or biocycled P in the soilss-

| There exists & negative relationship between
exchangeable Mn and pH in water (r = -0,38), and &’
positive correlation'of exchangeable Mn with clay
(r = 0.25). Mitra and Mandall(l983) noted similar - -°

relationships in some rice soils of West;Bengal;;-



120 Lo

Easily reducible Mn (ERMn) had a distribution pattern
similar to that of exchangeable Mn. . . =
Generally, the upland soils {pedons MD5,r6Z5, GZ6,
DM3, AR6 and LD3) had higher ERMn values (46.5 %o
53.6ppm) in their surface horizons than the hydromorphic
pedons (1.0 to 48.6ppm).- This could likely be due to.
loss of reduced Mn through seepage water, o L
Tablg 2 shows the percentages of dithionite-and -.
oxalate-extractable Fe, Al and Si. The dithionite-
extracteble iron, Fe OB(d)' represents the émounts of
the crystalline and amorphous COmpoOuUNds of Fe occurring
freely in the soilsy Mehra znd Jackson (1960)
referred to Fe203(d) as the uncombined or pedogenetic
free forms off Fe, Accumulation of .free iron oxide in
wéll—drained soils has been associated with lessivage -
(Asamao, 1973), while in hydromopphic soils, @ zone of -
Fe accumulation is due'to fluctuations in water table --
(Okusami, et al., 1987). Free iron oxide, Fe,0 3(a)?
shows a different distribution withciepth fqr the five
pedons of Makurdi transect. FPedons. MD2 and MD3 had an

increase in the B horizons, In pedons MDL and-MD5, the
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Table 2: Dithionite-and oxalate-extractable Fe, A%Jgn§§§if§;§§f%bution L

“of the Pedons

Depth ICE extractable

"} Oxalate éﬁtraétébIé"7

Fe 0 (o) A1203('0

(cm) Fe203(d) A1203(d) Sioa(d) Fe203(o) Alzos(oJ SiOZ(o) F°2°3(d) ,A1203(d

%

Makurdi transect
Pedon MD1; Typic Ustifluvent
0=24 5,06 0,38 1,70
59=87 1489 0438 1,29
120-168 3,89 034 2.17

Pedon MDZ2; Typic Udifluvent

0=25 6475 0.57 1477

60=97 7 632 0.26 121 -
130-171 bL.92 0.19 1.88

Pedon MD3; Andagueptic ?luVAQuent -

0=30 k72 0453 1.89
45-70 7495 0.45 1,63
113=182  Lh.92 0.38 2,59

Pedon MD4; Aquic Kandiustult
0=22 1.83 0.k1 137
64=00 2,66 0.26 1,18

128=185 6,06 0.26 2,31

Pedon MD5; Typic Kandiustalf -

0-26 3,12 0.23 1,37 -

59-80 J"‘.B? 0511 2 006
124=185 5,72 0,11 1,60

Gadza transect

Pedon 713 Typic Tropaquept
0-21 0451 Oolt5 1088
£2=95 0,08 053 1.07
129-192  1.23 0.9 1.66.

1,94
0423
0.39

129

1455

1418 . .

171
1.25
0.85

1611
051
0.50

0.56
0,60
0.65

0.19
0.10

0409 -

031

0,33
029 .

0475

0.31 )

0.76

0.92
0454

039 .

032
0.28
0031‘*‘

0012... .

0,08
C.05

O.47

O

0.61

o.§2
0 .96_
0.91

0.93 .
081

049k

0.85
0473
j,26

0.82 -

0.66
1421

0.78
1,01

- 0.€5

= 0491
0067'=

- 0475

0.12
0e21 .

0.19
- 0,21
,;—0.91‘5“

0.36
0.16
017

0461
0.19
0,08

0,18 -
0e13
0.11

0,37
1625 -
0.07

0.81,
0 0870 :
0485

131
1.19
L 00

1473
1420

103

0,78
1,08
1.31

0.73
0,45

1,04
0.83 3.
12k
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Depth  ICB extractable T “Oxalate extractable Fe, 0, (o) AL0. (o
(cm)  Fey0.(d) AL,0,(a) 515, (4) Fe,0,(0) A1,0, (o) 5i0,(0) Foo) @3—(-&
Pedon GA& Typn.c 'IEroPaquept ’ B 3 e
11=32 0.03 0.b45 1405 0.04% 032 . 0,57 033 0.71
60~110 0.20 0049 116~ 0020 0.60 0.67 1.00 1422
110-168 0,03 0.49 1.0345 0,06 0,79 - 0,51 2.00 1.61
Pedon gZ3; Iypic Tropaquept - o= peo- -
18=55 0.01 0045 Te41 25 0,05 0,92 ° 0.78 5.00- = 2,04
111=136 0,01 0.53 Tablt 77 0.37.00.85 0 0.81- 37.00 1,60
151=192 0,08 053  1.10 7 0.18- 1,20 0.73 © 2,25 2,26
Pedon Gﬁh; Aguic Quartzipsamment -
0~20 0.k49 045 1.32° 0,08 Col1 0.88 . 0,16 0.91
60-93 046 0.49 1433 019 . 0,62 0.73 0.1 1.26
169-192  0.86 0.49 1,63  0.05 0.97 0.82. 0,06 1,98
Pedon gz5; Typic Kandiustult
0=1% 0,97 0.1 2.45 0,04 0.31 1.1 0,04 0.76
37292 2,71 0.56 2407 0.0€ 0,08 0.93 0.02 0okt
182207  6.69 0,49 3,00 0.16. C.06 1.2  0.02 C.92
Pedon gz6; Typic Kandiustult :
O=24 1434 0,45 2,88 0.14% 0,07 ~ 1.09 C¢,10 C.15
59=97 10461 0,53 1615 0,13 0.09 0,59  0.01 0.17
160=200  §,.52 0.49 3470 0.1 = 0.02. ¥ 1,25 0,01 0,04
Dwam transect : ' - e
Pedon DM13 E-E:'opaquent _ )
025 5072 0,lt1 2,02 0049 046 143 0,08 1.12
Bhap2 b1y 0430 .89  0.25 0.88 1,14 0,06 2.93

135=179 2,46 0.30 2,08 0.12 0.37 1.55 0,05 1623



Teble 2 (contd.)
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Depth  DCB extractable :S'O'};S
i0. (<
(cnm) Fe203(d) A1203 P

Oxalate extractable

Fe.0_(0) . A1293(o.

23

Fea°3(?J A12°3(°) 510,(0) Fe203(d) A1203(d

%

Pedon IM2; Udic Chromustert
0-20 4,83 0.l45 1.64
baeph 3,92 034 .62
109=165 2429 0430 1,73

Pedon DM3; Typic Kandiustalf T
0=-18 497 0. 2,36 -

76=120 4,57 0.30 2.77-

160«175+ 6455 0.23 332

-Argungu transect

Pedon AR 1; Andaqueptic Fluvaquent

0-35  3.63  C.i9  2.65
173+ 1,74 0.26 3,22

Pedon ARZ2; Andagueptic Fluvaguent
o-24 11,81 0,38 3460 -
50=77 b .03 003k 24,79

110=179 0,77 0,30 284

. Pedon AR 3; Tropaquent
0=31 6.29 0.53 2,59
58-85  ho57 0423 2,07

118=160 3,12 0.23 233

Pedon AR4; Typic Ustropept

- 0-18 5615 D41 3439
50=35 1.29 0.1 2,32
85=170 0,5k 0.23 2,10

0.36
0021
0,01

0.11
0.01
0.07

0.36
1443
1.17

131
1019
1,10

0.10
0,59
0,16

0,10
0.20 =
70,15

 0.25

0,77
1.36

0.98

0.33
.19

0.36
0.1
0.52

0.29
0.32
049

0456
- 0.66 o

0.7k

0.55
047
0.56

0.97 .

0485 .-
1003 €

1.80

1-9"} -

1014

1.00 |
0.52
1.19

1.24 ,

0.95 ~
1,08

0.98
0,86 .
0,88

1,20

1.07
0.85

0.07
0,05 .
NS

- Qa02 L

001

0.10
0.65
0.67

0,11
0.29
1 QL}B

C.01
0.13
0.05

0.02
0.15 _.
0,28

0.55
2.26

koS53

2439
1.10 =
0.83

0.73

1.58
2,00

0.76
0.9k
1063

1.06

2.87

3422

0.85
1415
2 01}5 =
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Table 2 {contd.}) . PR I '

Depth DCB extractable T %:Oxalate?¥extractab1? FézoB&oJ"f11§b3§c
(cm) Fezos(d) A1203(d) Sl(?z(d) Fe20—3(o), '\A1203~,(o) 3102(0) Fe203(d) L0 e
. >
Pedon AR5; Albaquic Paleudalf
0~21 9,46 0.41 5.58 1,05 0433 1.29 © 0,11 . 0.80
ho-71 k.80 0011 3,13 1625 0.32 0.97 0.26 "~ 2.9
1M0=140  1.23 0.15 1.51 1.03. 043 7 0,94 0.84 - 2,87
Pedon AR6; Kanhaplic Haplustalf .. T :
0=22  6.03 0.hg 3,40 1. 0,14 0.16.- 1.08  0.02. 0.33
22=41 12,81 0.45 6.60 " 0,28 0.12 1.25 0.02 0.27
59-88 7 o52 041 3,26 0.31 0.23 1.02 0,04 0.56.
113180+ 0,86 0.30 363 0,127 0,37 1.18 D, 7 1,23

TLumda transect

Pedon ID13y Typic Pellustert .
0=18 2,51 Ool5 = 1.56  Co.14 Oci2 1,09 .05 0,93

57~96 2.60 - Ch5 1,61 . 0,08 1.02 1425 0,03 2427
119-162  1.17 0,23 1,73 0.05 0.84 1.36 0.0k 2.65
Pedon 1D23; Typic Chromustert ,

bl 2,29 0.38 1,82 . 0,19 0.26 1,26, 0.08 0,68

85=117 2,17 0.34 1.57 C.06 =~ 0,69 1,00 0.03 - 2,03
137=181 1,69 0.26 1.88 0,10 2,01 1,12 0.06 7 73
Pedon 1D3; Oxic Ustropept : o : o

Ow2lt 0.89 0,52 1,33 0,08 043 1,06 009  0.83

56=85 1.80 0.23 1.29° 0,15 1.84 0,94 0,08 8400

1M15=160 1.7k 0,320 .80 0.10 C.65 1.08 006 217
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Fe 03(d) distribution shows an increase with depth -
whereas the surface horizons of pedon MDl had more

Fe 03(&) than its subsoil horizons. The free iron

oxide content of the hydromorphic pedons GZ1 to GZL4 -

was generally low (0.01%)to 0.86%), whereas the uplend -.;
well-drained pedons GZ5 and GZ6 had relatively 'high
Fe,05(qy (0.97% to 10.61%) contents which increased with
-depth following the pattern of clay di'stribution.
Similar_observgtions had been made on well-drsined

soils elsewhére (Asamao, 1973; Juo et al., 1974;
Okusami et al,, 1985; Robertus &and Buol, 1985)}. Soils
of Dwam transect contained Fe (d) ranging between
2.29% and 6.55%. In pedons DMl and D2, Fe 203(ay "
content decreases with soil depth. -The perched water -
table resulting from the clayey surface horizons in the
two pedons had prevented é&utiaiion of sesquioxides In .
the pedons., Pedon DM3, however, had érratic pattern

of Fe distribution. All pedons of Argungu

0]
273(d)
transect had free iron distribution similar to the

pattern of clay distribution, .. In pedons ARl to AR5,

the. Fe "contents decrease with,soiIAdepth. This

203(a)
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may be due to reduction processes assocciated with - 3
increasing degree of hydromorphism. : However, in
pedon AR6, the B horizons contained more Fezoj(d) than
both the A and C horizons. The oxalate extracteble .
iron, F3203(0), distribution generally shows & decrease
with soil depth (Table 2), except in pedons GZ3, GZi,
AR3, ARL and the upland pedons MD5, GZ5, GZ6 and AR6,
The amounts of dithionite extractable A1,0, were
iower in comparison with those of Fe in 811 pedons
studied except the hydrmorphic pedons GZl, GZ2, and GZ3
of Gadza transect. The silicedus nature of the
dithionite extractable fractions seems toc have resulted
from rapid desilication due to the tropical climate of
the study area. The effects of dry climatic condition
on the.more siliceous nature of the dithionite-soluble
oxides had been reported by Wakatsuki and .Wielemaker
(1985). The dry élimatic condition favours desilication
which results in the release of sélica into the soil
.environment during the rainy season, The oxaléte
extractable Si (Sioz(a)) was lower. than thé’@ithionité=

extractable form (Sioz(d)) in all -horizens of the pedons
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studied (Table 2). This shows that .greater amounts
of the silicon were in the more crystalline form.
The distribution of oxalate extractable Fe or

Al (Fe or A1203(o)) to dithionite extractable Fe

2%(0)

or Al (Fezoj(d) 3(a
expressed as active Fe or Al ratio' (Blume afd

or 41,0 ));wﬁthin:egch,pedon can be
Schwertmann, 1969). These .ratios are shown in Table-2.
Ratios of active Fe in most:of the;pedonsA(except,pedons(
GZl, GZ2 and GZ3) were low ( <0.5), wheress active Al
ratios wefe nigh ( >0.5) in the pedons except pedons
GZ5, GZ6 and AR6 which are of course, upland soils.
Fey and Le Roux (1977) reported that the acid ammonium
oxélate may be the most useful extractant of both -
amorphous Fe and Al oxides and allophane from -
sesquioxidic soil clay. Based on this, there was
little of amorphous Fe oxides in these-soils (except -:
pedons MD1, MD2, MD3, AR1l, AR2, and AR5). Active Fe
ratios generally decrease with soil depth (Table 2).
This indicétes that higher proporiions of Fe were in

- more crystalline forms im the lower horizons.

Relatively high amounts of active Fe were maintained in
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some organic-rich horizons (e.g. 0-30cm, 0—22cm,
111-136cm of bedons MD3, MD& and GZ3 respectively)
possibly as organo-Pe complex. : Most of the A1 in the
pedons (except pedons GZ5, Gz and AR6) were in "

At -

oxalate eXtractable form,
Generally high correlatlon (r 2 O AG) exists "
between Fe2 3(a) and clay in the bedons studied B
Concurrent with increase in clay content 1s the release
of Fe from primary silicate minerals that have weathered
to kaolinite and oxide mlnerals. Fe,0. (d)/clay ratios
have been usea to measure the extent to which Fe 3(d)

maxima in B horizons are bassive, i.e., result from

el ther insitn clay formation op comigréiien df Fe 3(d)

-

with clay in proportion to clay illuviation (Blume an'd ”
Schwertmann, 1969). In pedons ¥D1, MD2, MD3, qu, GZ5,

GZ6, ARl and LD2, the Fe 03(d}/51ay ratios were gresiter ”T”
in B horizons than in A horizcons (Flgs 5a, b, c). :

‘This indicates sone Fe2 3(a) accumulation 1ndependent

‘of clay, It is possible, of course that dlfferences
between A and B horizons may be caused by laterps]

movement of Fe (Rebertus &nd Buol, 1985), but becsise
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the differences show no systematic ‘trend with either
degree of profile development, or slope and landscaepe
position (Figs 5a, b, ¢}, the higher ratios in B .
horizons most likely indicate independerit Ee203(d)”
migration. When the Fe,05 d)/clay retic is fairly
uniform with soil deth (typified “in pedons GZZ, GZ3,
D¥2 and AR3; Figs 5a and b), it is believed to indicate
a comigration or paraliel eluvigtion ¢f iron and clay
(Blume and Schwertmann, 1969). - In pedons MD2, GZ2,
DM2, AR5, AR6, and LD3 the C horizon ratios were lower
than both B and A horizons ratios, This reflects low
degree of primary mineral slteration, - Extremely high
C horizon ratios in pedons GZ1, GZ6, - DM1l, DM3 and LD2
(Figs 52 and b) reflects alteration ©f primary minerals
in saprolite and low amount of 'in situ' clay formation.
Generally, the upland pedons GZ5 and GZ6 had higher
ratios than the other pedons of Gadza transect which are
hydromorphic, |

Total free iron oxide (Fézos(d) has been used as
an index of determining relative ages :of soils

(Birkeland.gglg;; 1980), mostly in: Quartemnary sediments.
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Its asccumulation in well-drainedrsoils has been .
associated with lessivage (Asamao, 1973), In the . R
hydromorphic soils, however, a zone of Fe _-accumilation

is due to fluptuations in water table, -:Pedons GZl,

GZ22, GZ3 and GZL owe their hydromorphism mainly to

high groundwater tables whereas pedons MD2, MA3, MDY,

DMl, AR3 and AR5 had perched water tables. The  zone -

of greatest Fe accumulation Way indicate the zone of
fluctuating water table (OkuSami ef al, 1987). This
relationship was not very clearffpr‘Pédons GZl, GZ2 and
GZ3 probably because of their youthfulness and the very

few weatherable secondary minerals that could release Fe

to the scoil environment. The very high active iron

ratios { > 0.5) of thsse soils atfests to their youth-

fulness (Blume and Schwertmann, 196%),.

Silica-sesquioxide ratios defined as the molar
ratios of S1Q, (silica) to h1,05 + Fey 0, (?sesqu:ioxide.__;
or 3203), and 810, to A1203 + Fe203 (sesquioxide or
R?_OB),' and $10, to A1,0, (alumina ), were believed to
afford a method not only for mineral identification,
but alsc for indicating degree. of weathering, and: :: -

relative translocation of soil constituents in the pedon
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{Birkeland, 1974). The molar ratios of the
dithionite extractable Fe Oj(d)’ Al QB(d) and.SiOE(d)
are shown in Appendix E. Decreasing. SiOE(G)/R2 3(a)
and Sioz(a)/Al O3(q) Tetios with soil- depth as
typified in pedons MD4 and GZ1 respectively could be .~
indicative of movement of"Al and Fe. " :On-.the other
hand, when these ratios increase withu.soil depth (e.g.
pedon DM2) it could be interpreted as movement of Si
to deeper depth in the pedon, . An almost. linear
relatiomBship exists between decrease in molar
Sioz(d)/R203(d) ratioc and percent increase in clay to
sbout 100cm depth in pedons G2Z5 and GZ6. This, and
presence of ciay argillans--in :Bt - horizons in these
pedons are dme to lessivage of: ciay. _
Results of total elemental analysis shows the
predeominance of Sioz(t)’ followed by;A1203(%)
(Appendix F). Total Fe,0, -came’ next to Al, 03(t)
terms of abundance in these soils. The silicepus

nature of the parent materials coupled with the high

temperature of the study area which favours rapid-
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degsilication were responsible for the high silica
contents. The results indicate the dominance of
silicate clay minerals over. pxide minerals., Ratios -

of Fe203_(d)/F3203(t) would reflect the 9?51'?,?3 of L e
alteration of Fe-bearing primary minerals and the degree
of Fe accumulation in illuvial horizens. . When i}lotted
against soil depth, the ratio increased nearly - N

. systematically for B horizocns (Figs 68, b,.c) whereas
for A and C horizons it increased somewhat -erratically.
Pedons of Makurdi trensect (except pedon- MD3) had - |
similar ratios with depth (Fig. 6a). In Gadza transect,
pedons GZ5 and GZ6 had clearly higher ratios than others.
' Si;},c.e pedons GZ5 and GZ6 are the only pedons formed in
colluvium, the higher ratios were likely the result. of

a longer time of exposure to Wejathering due to down-
slope entrainment of soil materials 8s postulated by
Repertus and Buol (1985). - Pedons BM1, and ARl to ARD
had F'e203(d)/Fe2'03(t) ratios decressing with soil depth.
In pedon AR6, the ratio was higher in B horizon than in
poth 4 and C horizons. Similarly, pedons LD2 and 1L.D3 .

had higher ratios in B horizons than in. .both A and-C
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horizons, However, the ratios in pedons DM2 and
LD]1 appear uniform with depth, which implies that no

significant eluviation of Fe had- taken place.

In pedons MD2, MD3, DM2, ARI1,=AR2, AR5 and ARG,
the F6203(d)/F8203(t) ratios agprgacped and ?eached,
1.0 at A horizons (Figs. 6a and b). " Although it
might beupredicted that A horizons,will~have-lower
ratios than B horizons due to Fezoj(d) eluviation,
the reason for high ratic is probably because maximum
silicate weathering in these.so0ils occurredin.A horizons
and decreased with soil depth. -In pedons GZ5, GZ6,

LDl end 1D2, the B horlzon:Fegos(a)/Fezos(t) ratios
reached 1.0, The sand content of A horizons combined

with loss of FeEOB(d) by eluviation could.explain why =

Fe, O Pe, O ratios were 1.0 in A horizons
°203(a)/Fe203( %) ¥ < |

while B horizon ratios reached 1.0. ' The low C horizon

ratios observed in most of the pedons may be because

of more iron in silicate structure {(silicate weathering

decreasing with depth).
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Belas3 Soil mineralogys:

Results of the fine sand fraction (0,225-0.075mm)
mineralogicgl analysis are shown. in-=Table 3. Petro- -
graphic studies revealed that quartz comprises 82 to -

96 percent of the minerals counted in the: fine :sand

fraction of the soils, Other minerals counted in smaill :

amounts were muscovite (especially in pedons of Makurdi = -

and Gadza tfansects) and feldspars. Heavy minerals
(zircon and biotite) of specific gravity greater thap-:i._ |
2,89 cohstituted only a vefy small pefcentage end
incressed with depth in the upland pedons MD5, GZ5, GZ6
and DM3 (Table 3).

ﬁost of the fine sand grains of the hydromorphic
.ped0ns were colourless to -Idight .gray. Prolonged water
saturation in the pedons has led to loss of Fe from the
soil, and the graihs assumed the. light gray colour .of ._.
the dominant sand-size mineral (quartz}). The dominant
grain colouruof the well-drained pedons (e.g. pedon GZ6)
pfogressively changed from brown to'yellowish red in the
saprolitic horizons. Under plane-polorized light,

grain opacity increased progressively with s0il depth
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Table 3: Mineral compostion of ithe fine sand fraction (,225=,075mm)
of the pedons

Horizon Depth (cm) Quartz Muscovite : Feldspar ercon Biotite Opaque

%
Makurdi transect : b
Pedon MD1; Typic Ustifluvent

A2 2459 90 b b 2 - -
2Bﬂd 59-87 92 3 - 5 - -
2BC 120168 90 F5 - 5 - -
Pedon MD23; Typic Udifluvent 7 T _
A 025 90 5 - -5 - -
Bu, 6097 86 8 -2 h.: - -
BC 130-171 85 6 - & 3 -
Pedon MD3; Andaqueptic Fluvaquent
LA 0~20 93 - .- 7 - -
2Bw2 70=113 82 6 & 2 b -
| 28C_ 113-182 90 5 - 5 - -
Pedon MDh; Aguic Kandiustult
A . oe22 93 - 3 4 - -
Bwc, 6h=90 93 2 % - -
Bcg 128-185 g4 - - 3 3 - -
Pedorn MD5; Typic Kandiustalf
A 0=26 8% - 5 -5 3 - -
Bt, 59-80 84 iy -2 5 . 3 - 2
c 124=185 82 3 3 6 -
. Gadza transect
- Pedon G713 Typic Tropaguept
A 0~21 92 2 L 2 - -
Bw 52-95 90 L 3 3 - -

¢, 129192 ol 3 - 3 - -
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Table 2 contd,
Horizon Depth (cm) Quartz Muscov1tf= Feldspard Zircon Biotite Opaque
79
Pedon Gz2; Typic Tropaquept )
AB, 1132 86 6 - 4 b -
2BA 60-110 87 6 3 2 2 -
:zcg 110~168 90 -5 ' - 3 72 -
Pedon gz3z; Typic Tropaquept B T T
AB 1 18=55 92 3 - 5 - -
2BA1 96=111 g2 5 S 4 5 3 3
2C 151=192 92 4 - " - -
Pedon Gz} ; Aquic Quartzipsamment |
AB 1 20=40 30 - b 6 - -
BA 60-93 93 - 5= L - 3
BCrg, 169-192 56 - - I - -
-Pedon Gz5; Typic Kandiustult
AB 1437 8k 5 3 5 - 3
2Bt, 92-140 82 4 - e z 5 6
2¢c 182-207 86 2 - 3 6 3
Pedon gzg; Typic Kandiustult
A Ow2l 87 - 5 5 - 3
2Bt 59-97 82 6 - 3 5 4
2C 160=200 8L 6 - 2 6" 2
Dwam. transect |
Pedon DM'i; Tropaguent
! Ow25 - 86 8 2 4 - -
23wc2 72-103 89 - - 5 4 2
2C 135=179 36 L - 6 - - b
Pedon DM23 Udic Chromustert i } T
A 0=20 84 - 5 7 - b
Bw, Lol 82 - | 6 7 - 5
BC 109=165 - g - 8 S - 3
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Table 2 (contd,)

Horizon Depth (em) Quartz Muscovite ;féldspar “Zircon Biotite Opaque
74
<

Pedon DM3; Typic Kandiustalf

A 0-18 88 - & 3 - -
Bt, 4506 8k 4 5 y - 3
2¢ 120-160 82 4 2 6 - 2

Arpungu transect

Pedon AR1; Andagueptic Fluvaquent

A 0=35 92 - b 4 - -
| 2AB2‘ 61=901 86 - & 3 3 -

2ECg, 173+ 90 - 5 3 2 -

Pedon ARZ2; Andaqueptic Fiyvaguent

A om2l: 8 b 8 4 - -

2Bw, 50-77 - & 5 4 7 2 -

2Bc2 110-179 84 - 8 8 - -

Pedon AR33; Tropaguent

A 0=31 86 3 8 3 - -
2Bweg, 85-118 84 - 5 8 - 3
3BC 160=1GL4 86 - 6 3 2
Pedon ARL; Typic Ustropept

A 0-18 %0 - € L - -
Bw 18~50 92 - b L - -
c 85-170 93 - - 7 - =
Pedon ARS; Albaquic Paieudalf

A 0-21 8 - 3 5 3 - -
Bt, 71110 82 5 7 3 3 -
acg 140=-165 g2 - i3 b - -
Pedon AR6; Kenhaplic Haplustalf

A 022 86 - 5 9 - -
Bt, 4i=59 83 5 5 7 - -

Y|
1
L

c 113=18C+ &6 -
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Table 3 (contd.) ST

Horizon Depth (om) GQuartz Muscovite Feldspar Zircon Biotite Opaque

% -
Lumda transect ST

Pedon LD1; Typic Pellustert
A 0-18 82 - 10 8 - -
Bu, 57=96 82 S - 4 10 - 4
2C 119-162 88 4 b 4 - -
Pedon LD2; Typic Chromustert =¢ - S S RE _
A O=1l 84 - -8 8 - -
ana 85=-117 86 - Ty 26 - 4.
2C 137=181 88 - R : 6 - -
Pedon LD3; Oxic Ustropept - ooy
A 0-2‘} 90 . - G .3 - -
2Bw 56=85 .92 - . '8 S - -

2
3CB 115=-160 95 - R 5 - -
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(e.g. pedons GZL and DM1l). This may be due to the
release of Fe during geochemical weathering of -biotite
and subsequent coating of the grains,

X-ray diffraction of the silt-fraction (0.05 -
0.002) powder showed a dominance of ‘quartz, and varying..
amounts of kaolinite, mica, feldspar and vermiculite =. =
(Table L, Fig 7). The presence of kaolinite could
indicate that some transformations of minerals such &s
mica, chlorite, vermiculite and feldspar had taken
place, Results of X-ray analysis of silt fraction
corroborates what was obtained in pétrographic studies
of sand fraction. The other feldspars and mica in
silt fraction could be residual from the- sand fraction,
Appendix I show the distribution of minerals in the .
clay fraction ( € 0.002mm) of some horizons of the
pedons. All pedons studied were c haracterised..by\
lhigh peaks‘at 0.721nm, 0,790nm, and 1.000nm (Figs. 8,

9, 10), ihdicéting the pfesence of kaclinite, metaha-
lloysite,. and mieca, Kosolinite was .the dominant clay

mineral in the soils (except in pedons DM2; LDl and .
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Table 4: Silt fraction mineralogy of representative pedons ST sl

Horizon Depth (em) Quartz Feldspar Vermiculite Kaolinite ‘Mica

%

Pedon MD1; Typic Ustifluvent

Ap, 0=24 62,3 8.0 - 139 1548

2BA, 59-87 65.5 5.8 < - 71146 17 01

2BC 120-168 69.0 = = - © 1048 20,2

Pedon MD3; Andagueptic Fluvaguent . _ &

A 0=320 59,4 0 - - -21.9 18.7

2Bw,, 70=113 60e2 = e - 2842 - 1166
: _2Bcg 113=182 58.8 2471 - 2140 1841

Pedon MDS; Typic Kandiustalf - - - ’ P =

A 026 534k G5 - 184 1847

Bt, 59-80 - 53.6 4,2 - “2140 21,2

c 124-185 b5 743 T - 2k 4 19.8

Pedon G213 Typic Tropaquept

A 0=21 64 o5 - - 19.6 1549

Bw 5295 683 - = - T 14,8 1649

cg 129-129 68 7 - .- C20.7 10.6

Pedon Gzh; Aquic Quartzipsamment .

A 0-20 585 - - 23.6 1749

BE . 60=-03 5901 503 - 18.8 - 16.8

BCrg, 169~192 - 5606 - 5.5 - 48,2 - 19,9

Pedon GZ5; Typic Kandiustult

A 0=tk 43,1 9.9 - 2642 20.8

2Bt, 92=140 5042 8.6 - 2h,9 16,3

2c 182-207 51,9 10,2 - : 17,0 2049
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Table & (contd.)

Horizon. Depth (cm) Quartz Féldspar - Vermiculite Kaglinite * Mica *

N %
Pedon IM1; Tropaquent .
A 0-25 hg.3 8 ot 943 15.5 - 1745
Bwe,, Lh~72 56.0 5.0 - 846 o . 16.h
2C 135-179 514 - 7.9 =8.8 12,7 . 1942
Pedon DM2; Udic Chromustert B
A 0=20 384 b7 - 19,9 - 2740
B, b7 316 "M17.2 : - S18.1 2301
BC 109=165 25,3 24,0 Tt 1C3 Lol
Pedon AR4; Typic Ustropept - :
A 0-18 6h.6 - . e 2005
BC 50-85 635 5.5 - 8,2 22.8
Pedon AK5; Albaguic Paleudalf o
A 0=21 5645 - 4,2 164 2249
Bt, ho~71 5640 3.8 640 10.6 23,6
2c:g 140165 58.3 - 245 . 8.0 3042
Pedon AR6; Kanhaplic Haplustalf :
A 0-22 523 8.6 - - i 18,46 2045
Bt, k159 5,1 9.6 - 19.0 - 17.8
c 113=-180+ 57 7 11.8 - 9.9 20.6
Pedon LD1; Typic Pellustert .
A 0~18 35.9 1101 -840 24,8 20,2
Bw, 57-96 31.6 21,4 1346 2145 23,1

2
2C 119=162 29,3 1642 15,0 Th .1 25,44
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0-426nm

O-422nm

0-334nm

(c)

N //\

(a)

1

0-720nm
I:000n

i = L ]

INTENSITY

38 36

Fig. 7 . X —ray diffractograms of pedon

34 32 30 28 26 24 22 20

I8
GZ6

6 14 12 .10

silt fraction

(26)

{a)= A norizon(O—24cm depth), (b)= 2Bt; horizon (59—-97cm depth) ,

{c)=2C horizon (160 — 200 cm depth}.
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Mg~ saturated (air - dried}
Mg — saturated {glycolated)

O-72inm
O-72Inm -

1.
-800nm hrosnm -

FOOInm
{-O0Inm

(c)
(c)

{b)

(b)
F 400nm

(0) ‘—’wwv) _ {a)

1 L L] L L L 1 L N ] i L l_]
20 18 18 14 12 10 8 6 4 20 I8 B 14 12 10 8 & 4 (2

] | A i i 1

Fig. 8 . X —ray diffractograms of pedon MD3 clay fraction (Mg saturated;
~ir -~ dried and giycelated 1.

depth) '
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0364 nm |‘4i0nmi.708nm
O-72inm
0-320nm i
O00nm
1-800nm

(d)

{c}

FO00nm

(b)

{a)

% 34 32 30 28 26 24 22 20 18 16 14 12 0 8 6 4

Fig.9 . X-ray diffractograms of pedon LD! (57-96cm depth} clay fracti

( a)=Mg- saturated {air dried) ;(b) = Mg - saturated (glycolated),
(c)=K — saturated (air dried); (d) = K- saturated (1I0°C heating) .
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(c)

0-720nm

0-3365nm

(b) G- 790nm

O-418nm

p—

{a)

36 34 22 30 28 26 24 22 20 18 6 4 12 10 8 6 (206)

Fig.10 . X ~ray diffractograms of pedon AR5 (40-7lcm depth) clay fraction

{a) = K - saturated {air dried); {b) = K~saturated { 300°C heating) ,
(c}) = K—-saturated (550°C heating) .
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LB2 which cohtained smectitic clays).

Horizons of pedon DM1l, and AR1 to AR5 are
formed in low exchange capacity matrix -of kaolinite,
plagioclase, quartz and muscovite (Table 5). The
well - drained upland pedons.MD5,-GZS,-GZ6;;EndgARG
(Table 5) contained some hematitie and goeihite..in
addition fo-kaolinite, metahalloysite, mita and -quarts.
Pedons DM2, LD1 and LD2 are principally'forméa in
shaly parent materials and contained. predominantly
smectite clay minerals, but weathering is 1ncreasing1y
c:hanging this to chlorite and kaolinite (Fig. 9).
Eluviation of bases, silica and alumina from high
topographic sites into the lowlands has been a
continuous process, Accumulation of these materialsis-
in the soil environment probably gave rise to the
detected smectite in pedon. AR5 (Fig. 109,

‘The 0.721nm diffraction peak obtained'ih
K—saturated sample disappeared when the sample was
heated at 55000 (Fig-10) ihdicating a destruction of
kaolinite at this tmperature (Whittig,:1965). The

metahalloysite pesk (0.790nm) was also destroyed by
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Taple 5: Clay fraction («€0.002mm) mineral composition of representative

Depth kagiidgn:eta- mica smectite chlorite vermi- feld— . gquartz hé’n’u{-“ - goethi

(em) nite ° hallpy culite spar tite '
gite- Fs

Pedon MDS; Typic Kandiustalf

=26 62.9 204 167 - - - - - - -
59=80 58,3 8.8 4,9 - - - - - 1644 Meb
124=185 59.8 L9 3.0 = - -, 3.8 = 2138 14,7
Pedon GZ5; Typic Kandiustult ' R : R

0-14 54,5 18,2 17,5 - - - = 98 =, -
92=140 49,0 15,0 10,9 =~ - - = 5.5 1647, 3.0
182-207 39.2 104 19.4 - - - . = 8.5 . 119 10.6
Pedor IM1; Tropaquent | Lo ,

0-25 hg.k - 203 - - 19.6 - 1047 - - -
b2 47,5 - 224 - - 18.8 . 113 - - -
135-179 50.9 -~ 7.6 = - 20,3 M2 = - -
Pedon AR1; Andagueptic Fluvagquent '

0-35 60.8 9.1 8.3 - - -  13.8 8,0 - -
61=101 610 11,9 85 = = - 113 743 - -
157173 5641 1943 6.2 = - - - _104 8.0 - -
Pedon AR35 Tropaquent : T

0=31 £9.3 - b6 - - - 1601 - - -
58-85 65.1 5.0 9.8 - - - 201 - - -
118=160 66.0 = 21.8 = - . 122 o = - -
Pedon AR4; Typic Ustropept

0=18 61,1 7.2 95 = - - 12,0 10.2 - -
5085 59.3 10,0 8.3 - - - a1 13 - -
Pedon ARS5; Albaquic Paleudalf

C=21 5643 - 5.2 - - A 13,0 M1 - -
Lo=71 29,1 1.6 2.5 22,2 - 13.5 27.4 3,0 - -

649

140165 28 6 1.0 3,8 28.4 - - 27,9 3.4 -
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Table 5 (contd.) R e
Depth  kaoli- meta= mica smectite chlorite vermi- feld= quartz hema~  goetr

(cm) nite - halloy culite spar tite
- —— —5ite i - —_——
Pedor AR6; Kanhaplic Haplustalf E
0-22 61,7 11,3 8.7 - - - 1843 - -- -
41659 48.5 6.9 8.9 - - - 18.0¢ 3.6 < b,
113-180439.6 15.9 4.7 - - - T 17,3 -1 1.0 7.0° 12,5

Pedon 1D2;  Typic Chromustert
0-1 13,9 - 6.2 36,4 28,3 = 15,5 7 - - -
L -85 16,3 2,0 3.2 37,3 28.1 - 131 - - -

13?—181 12.0 1.0 3»4 3243 28.1 - _""]'I.O 5.2 - - - -
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heating at 55000 whereas the 1.,000nm diffraction pesk
characteristic of hydrous mins was enhanced when
heated at 550°C (Fig. 10). = o
Heating of K-saturated clays at 110°C ‘increased
the intensity of the 1,000nm pesk indicating the Y
collapse of smectite (Figs 6). - This treatment alsc
‘produced a shoulder at 1,270nm (Fig, 10) which

indicated the Dresence of .interstratified -minerals,

This shoulder may be attributed to partial collapse of : "~

smectite or chloritized smectite, or both. The 300°C
(rig 10) heat treatment led to complete dehydration of
goethite (disappearamce of the 0.418nm peak)}. _ The
1.000nm peak obtained after 300°Qxheat{treatment iﬁ=;&f
pedon AR5 clay samplé may indicate the: presence of some
interstratified minerals. Smectite-vermiculite
interstratification is highly suspected.

The patterns of Mg-saturated (air dried) and
Mg-saturated (glycolated) clays indicate that pedons
MD3, DH2,-AR5, D1 and LD2 samples co.itained smectite,

chlorite, feldspar, mica snd kaolinite. -The :1.708nm
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peak shifted slightly to abeut 1.800nm upon- :

glycolation (Pig. 6), leaving é small but sharp peak

at 1.410nm which indicates the presence of smectite

along with chlorite and/or vermiculité, on.thedr . S

intermediate. Formation of -vermiculite is:favoured T

by the neutral to alkasline environment and incomplete - -

leaching of exchangeable caticns like Cay;-Mg, Na and

K due to perched water table. Vermiculite can also be

an intermediate product in the course.of wedthering .of

ferroﬁagnessian minerals, The expansion of smectite -

was more pronounced in pedons LD1 (Fig, 9) and DM2

(Fig. 11) than in pedons LD2 and AR5 (Fig. 10) as well

as in the lower horizons of pedons AR5 and MD3 (Fig. 8).
The intensity of l.uOOnmﬁpeak“ﬁhich;@ppeared;

after glycolation decreased with increasing soil depth

in pedon MD3 (Fig 5). This might be due to partial

ch%oritization of smectite as & resiult of incorpora-

tion of iron, and possibly to some aluminium inter-

" 1ayers by the mechanism referred to as ferrolysis.

The process of partial chloritization implies that
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0-360 nm
O-72Z2nm I'794nm

0335,

C-498nm

{b)

(a}

1 L 1 L 1 L A 1 L L L i

36 34 32 30 28 26 24 22 20 18 16 4 12 10 8 6 4 (2¢€

Fig. 11 . X-ray diffractograms’ of pedon DM2 {(42-74cm depth) clay fract

(a) = Mg- saturated (air dried); {b)=Mg—saturated {(glycolated) -
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exchangeable bases are leached and Al (or Fe) - .
octahedral sheets are formed at:interlayer positions

of the smectite, in which a chloritized smectite -
layer could be considered.as equivalent of.:2 units ef -

kaolinite layers. This chloritization process: carmbe!

associated with partial disclution of exchangeable bases =

(partial decomposition of smectité)} as explained by -
Brinkman, (1978).

The presence of smectite suggests a weaihering
environment rich in silica such that amorphous clay
constituents with low molar ratios of Sio2 to A1203 may
not fofm. That the soil environment remains rich in
Si and poor in Al (high 8102/A1203-ratio, Appendix E} -
could be due to the weathering products formed by the
parent material, High molar ratio of 8102 to R203 in
combination with a high molar ratio of Fe203_to R203
suggest that on weathering more Si and Fe oxides. than
Al oxide are formed. Wada (1982) had reported that

Si retards crystallisation of Fe-oxides whereas a high

molar ratio of Si to Al favours formation of crystalline v

layer silicates, ' .. Co
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52 Soil genesis - Sk s
5¢2.1 Parent material Jithology . - . Leaa AET

Morphologic features such: as texture and
particle size distribution on. g¢lay~free.basis
(Appendix C) were used askindicatprs'ofjihe-homoge-
neity or otherwise of the parent-materials, : The.
essence of particle size distribution-caiculated on
clay-free basis is to remove the effect of possible
translocated clay (Smith and Wilding, 1972). - The
fine sand and the very fine sand proportions
(Appendix C) were used to indicate lithologic discon-
tinuities within individual pedons because these two
size fractions dominate the sand fraction, and &re
méde up of mainly quartz. - . S el

There was a significant change in the fine sand
size fraction at the 59~to 87-cm horizon of pedon KDl
although the very fine sand would place this a little
higher in the pedon. The fine sand distribution in
pedon MD2 appears uniform with depth. For pedon MD3,
morphologic observations suggest a li¢hologicgbreakﬂ,

at L5~ to 70-cm horizon and this is .corroborated by
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the two size fractions. The clay-free gizZe sralysis
would not support the ides:of multi-parent material
sources for pedons MDL and-¥D5. The -distribution of
fime and very find sand fractions in pedon GZi appears
uniform with depth, thus nullifying: the possibility of
stratified parent materials.: Field morphologic
observations and clay—freﬁ_sizéran&lysis-suggest a
lithologic discontinuity at 60-to 110-cm and 96- to
11lcm horizons of pedons GZ2 and GZ3 respeectively.
Also, sudden shift in texture from sandy loam to Sandy
clay at 92-~to 140-cm and 59~ to 97-cm horizons of
pedons GZ5 and GZ6 fespeqtively_would suggest lithologic
discontinuities. I

The clay~free size analysis suggests..stratified .
parent materials at 72- to 103-cm and 76- to 120~-cm
horizons of‘pedons DM1 and DM3 respectively. However,
ngither morphologic features nor clay-free size
distribution would support the idea of & multi-parent
material for pedon DM2, In Argungu transect, both
the morphologic features and the clay~free size . -

analysis indicatée that pedons ARy and AR6: were. formed
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in uniform parent materisdls. - -Particle size distri-
butions suggest lithologic break at &l- to 10l-cm
and 50- to 77-cm horizons of pedons ARl and -ARZy s
‘whereas the lithologic break in pedon ARDS occured at
the saprolitic (140~ to 160-cm-depth) hdrizen. Both

the fine and the very fine sand size fractiqns .. B

n

indicate some stratifications :at 85= to 118-cn apd

118- to 160-cm horizons of pedon:AR3. .

The fine sand distribution in pedon LDl indicates-
a lithologic discontinuity at 96rto‘119-cm*horizon.*
Morphologic observations and clay-free size analysis
suggest stratified parent materials in pedon LD2 at
14—~to LL—=cm horizon., The clay—freé size analysis
indipates multi-parent materials for pedon LD3 at Li~to
56—-cm and 115~-to 160-cm horizons. The high-amoants: ...
of heavy minerals (zircon and biotite) observed in
pedons_DHl, AR2, AR%, and LDl indicate lithologic
discontinuity between the top alluvial/colluvial

materials and the underlaining materials.
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5.2.2 Dominant soil forming processes. . . .

The particle size distributions of pedons MD1
to MD4 clearly reflect the influenceof floodwater
flow rate, transportation and deposition.of sediments
with little pedogenic processes thereafter. : Bedon .-
MD1 had sandy texture while pedons MD2, MD3 and.MDy - _ -
had clayéy texture throughout :the pgdon. - Similariy,
pedons GZ1 to GZL4 which are under the influence of
hydromorphism had no consistent.particle size distribu-~
tion pattern within the pedon, The effect of cﬁmuli—
zation (Buol et al., 1980) is clearly shown in pedons
MD1 to ¥D4 and GZL, Of parsmount importance to the
identification of argillic horizons, is evidence of i
illuviétion, either as clay films on ped surfaces or - :
as oriented clay in thin section {(Soil Survey Staff,
1975). As & result of intense leaching .in pedons GZ1
to @23, argillic horizon development is retarded.
However, the upland pedons MD5, GZ5 and GZ6é had
evidence of eluvial/illuvial transportation processes
(presence of argillic horizons) and more horizon . .

development. ST AN SE S
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In pedons DM2, LDl and 1LD2, the only noticeable:
active pedogenic process is soil displacement; as -
evident by the presence of slickensides., -~ Pedoturba-
tion as a result of such displacement hgs Been suffi-
cient to prevent strong horizon development, :; Yaglon .
and Kalmar (1978) proposed whet has beem termed ad = =
'soil mechanics model', whereby unegual wetting frem - .
water penetrating to considerable depth along:cracks
produces horizontal stress .im excess iof the shear: * =
strength of the soil, resulting in failure planes or
slickensideé. More recently, Buol et asl. (1980)
suggested a self swallowing mechanism wherein the .
surface soil is sloughed off intoc shrinkage cracks.,
Upon rewetting, the soil:swells but the volume.is -
constrained by the soil in filling the cracks. This
results in high pressures, which are relieved by
displacing the soil mass to the sides and upwards,
forming slickensides, gilgai, and other related
features., Absence of micro-relief (gilgai) in the

study sites gives credence .to the relevance of Yaalon

and Kalmer's 'soil mechen ics model' .to thé situations



6L

in pedons DM2, LD1 and LD2,.: - Results show that ..
smectite content of B horizons of pedons DM2, LDl:i.
and LD2 is most likely a result of an -“in situ' - __.
alteration of plagioclase ‘by hydrotheérmél processes.
prior to soil formation. ~:Bvidence :6f illuviation was
lecking in the B horizons-of these soils, presumably
because of disruption of ped:surf&éesJﬁzring;shrinké
swell cycies {Nettleton et :al., 1969), extensive
desiccation {(Buol, 1965) -er pedoturbation.(ﬁﬁgie and ...
Passey, 1963). However, pedons DM3, AR5 and AR6

showed evidence of eluvial/illuvial transportation

processes that have resulted in clay accumulation
(Fig. 1). In addition to thelpreserice of clay skinsy
clay accumulation had been sufficiently thick in
pedons DM3 and ARG to qualif& as argillic horizons.
Particle size distribution of pedons ARl to ARL shows
thaet little pedogenic processes had taken place on the

soil materials (lack of B horizons with clay

accumulation). T S S
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Exchange acidity and Al saturation could be. .
useful indices of horizon development of some soils
of the tropical region sometimes -obscured by subtle - -
differences in morphological features, . .Generally,.I .
Al saturation has been found to,. be higher in o
hydromorphic pedons (Ragland and-Goleman, 1959).- -~
Greater Al saturation in the upper herigong .of pedons e
MD2 and MD5 suggests 'in:situ' weathering as horizons-
of these pedons have been -suggested 1to-have fomed in
‘ homogendus parent materials. Differential accumula-
£ion of Al, especially in hydromorphic soils with
perched water table (e.g. pedon MDL) may -indicate the
sctively weathering zone of the solum, bec&ause -
exchangeable Al is not gonsidered mobile in the soil:
(Gotoh, 1976). The presence of relatively high Al
saturetion (Figs. 12ea and b), especially in pedons
MD2; aZ2, GZ3 and GZ4 would seem to support the
ferrolysis concept of Brinkman (1970) and the
hyﬁothesis of Buol et a1 (1980), who proposed that
clsy mineral lattice destrnctionﬁfeSults in .the the

relense of Al ions. The. warm soil temperature -
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conditions in savamna region.of Nigeria.are believed
to cause the marked dissociation of.soi¥ water,

leading to a build-up of hydrogen iaons, which favours _
hydrolytic or H-weathering of silicates to-kaolinite -
(0jenuga, 1979). Environmerntal. conditions. that -. - =
favour the crystallization of hematite-from Fe . -
released by weathering of primary mingralsrinethe R
soil environment include high temperature, low- -
moisture and low organic~matter:content~(Kampf and
Schwertmann, 1983). | The occurrence of hydrolysié
with acidocomplexolysis at the same time or success-
ively during the year within the zone above;the water
level (Righi and Leophelin, 1986) might have induced
the reduction, dissolution and removal of hematite

from the soil and/or its transformation to goethite,

' 5.,2.3 Effects of other ecologicel factors on
s0il development, ‘

The influence of climatic factor on the
morphology and physical properties of the soils is
not much. Parent m terial seemns toibeithekdominant

factor, Soil textural composition reflectg.fhe. .



influence of parent material, local relief, and .

et

flood~water flow rate. For example, the sandy
texture of soils of Gadza transect could he related -
to the sandstones geclogy-of the areas Similarly,::
soils which occupied levees. (pedons. MD1l, AR1; and ARL)

were sandy whereas soils of backswamps:and similap.

physiographic units (pedons MD2 to ‘MD4, DM1, AR2, AR3 . -

ahd.ARS) were clayey. The clayey texture of pedons
DM2, LDl and LD2 could be related to their shaly
rarent meterials, Effect of moisture stress couid
be seen by comparing the cracks formed in pedon LDl
(about 7em wide) with those of pedon DM2 (about 3em
wide), |

Even though soils with acid reactions were
found in all ecosystems studied, hprizons with soil
“reactions fanging from neutral through mildly
alkaline to moaepatelyalkaline were restricted to the
drier sites (Dwan, Argungu and Lumdea), Relativély
low amounts of‘exchangeable bases and ECEG values of
soils of Makurdi Gadza and Argungu transects could be

- linked with the similarity -in geology (sandstones). of.

vl
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the areas, Soils of Dwam and Lumda transects
were influenced by base-rich parentnmateriais.
Scils of Makurdi and Gadza transects hsed relatively . ..
higher exchangeable K* contents,thanAgxchangeéble Na*t--
whereas soils of drier sites:(Dwam; Argungu and Lumda) -
contained higher exchangeable Na® than exthangeable K*.
Sodium in soils usually originates from primary
silicates that contain Na or from organic mtter
(Al-Janabi_and Lewis, 1982). The presence of salts
and Na in pedon DM1 and 211 pedons of Argungu transect
was most likely the result of nearness of groundwaterp
containing some salts in solutioﬁ. Repeated wetting
‘and drying (as a result of evapotranspiration) and
precipitation of salts has no doubt occurred, Pedons
DM2, LD1 and LD2 had perched water tables because of"
their finer soil texture which prevented seasonal
pnecipitation Prom leaching accumulated sélts from the
soil, Under such céndition, Na might re?lace Ca on
 the exchénge site (Al- Janabi and Lewis, 1982).
Relatively high percent Na satﬁration in the lower

‘horizons of all pedons of Argunguvtransectfcqrroborates
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the significant éffects of groundwater on the
sodium concentration of the pedons,.

All pedons of Makurdi and Gadza transects. had:
low electrical conductivity: (EC).values whebrems -7 [~
salinity {as indicated by;high-EC values) was greater = O
in soils of drier areas, *: Electirical:conductivity L.
(EC) measurement suggests that soils with perched
water tebles (e.g. pedons LD1 and LD2) and thoss on ™
micro-depressions (e.g. pedoné DM2, AR3 and AR5)

contained high soluble salts,

5.3 Soil correlation and classification.

5.3.1 Correlation:

The soils were correlated based ol reports-of -
survey works done by Moss (1957), Carroll'(l967),
Klinkenberg (1967), Valette (1967), Hildebrand (1968),
and Hildebrand and Valette (1969). The parent
materials, topographic pésitions, colour and presence
or absence of mottles, and soil texture were the main

criteria used in correlating the soils.,



172

All pedons of Makurdi transect (except pedon
¥D1l) are heavy textured. Pedon MD1l is Santigi
series., It is bromish in colour and has fairly
t¢layey surface horizons, Pedon MD2 is brownish in
colour and mottled below 97cm depth and is classified
as Iju series, Pedons MD3 and MDL belong to Edozhigi
series. The two pedons are grayish, mottled and
clayey. Pedon MD5 is reddish below the epipedon and
is classified as Timfun series.

Pedons GZ5 énd GZ6 occupy middle slope and upper
slope positions respectively. Both of them are
reddish in colour. Pedon GZ5 is classified as Kulfo
series due to its greater depth of sandy layers
(37~ to 92cm‘depth) than pedon GZ6 (24~to 59cm,
Appendix B) which is classified as Alagba series.
Pedons GZ1 to GZ4 have sandy textures, Both pedons
GZl and GZ2 are brownish gray but pedon GZ1l is mottled
whereas pedon GZ2 is mottle—free. VPedon GZ1 is
Iéhaga series whereas pedoh GZ2 is Mesan series.

Pedon GZL has pfoperties similar to GZ1 and therefore

is also Ishaga series, Pedon GZ3 is classified as
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Indaloke series based on its gray colour and
presence of mottles,

Pedon DM1 is classified as Gbajigi series based
cn its silty clay texture, spongy consistence, brown
colour and presence of mottles; whereas pedon DM3
which is underlain by limestone is Ashaka series,
Both pedons ARl and AR2 are prownish in colour and
mottled. Pedon AR2 is élassified as Sirti series
because of its heavier texture while pedon ARl is
Tsantsaga series.,  Pedon AR3 has clayey texture, gray
colour and mottles, and black concretions. It is
classified as Shen series, Pedons ARL and'LDj have
similar prpperties. They are brownish in colour,
mottled and sandy in texture. The tﬁo pedons are
Barriki series, ©Pedon AR5 is Angwan series{ it has
brown colour, mottles end sandy clay to clay texture.
Pedon ARS 1s classified as Talbut series because 6f
its yellowish brown colour, presence of mottles, and
sandy loam to sandy clay loanm téxture. |

Pédons DM2, LD1 and LD2 have vertic propefties

and are differentiated on the basis of their colours.
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Thus, pedons ID1 and LD2 are classified as Giwano
series because of the gray colour whereas pedon DM2
is Boskeri series due to the brown colour of its

subsurface horizons.

5.3.2 Classification:

Pedons GZ1l, GZ2, and GZ3 are seasonally flooded
and are therefore considered to have aquic moisture
‘regime. Th¢ pedclogic soils properties related to an
agquic moisture regime observed in these pédons incliude
mottles of chroma 2 or less in‘the matrix, and high Al
saturation (Fig, l2a}). Leaching has been very
intensive but the process of lessivage ahd thus
argillic horizon formation is somewhat retarded. The
presence of cambic horizon is supporited by the weakly
develcped B horizens obsefved in pedons GZ2 and GZ3,
and very fine sandy loam texture in pedon GZ1. Thus,
théée Pedons could be classified ss Inceptisois; and
Aquepts, because of the aquic moisture rggime. The
solls are Tropaguepts because there is probably little
variation in soil temperature between the rainy season

and the dry season at a depth of 50cm. | The pedons are



175 o

Typic Tropaquepts because they do not .have histic.
eplpedon and cracks but have chromas == 2 inall ..
horizons, The mean anmual scil temperature: at 50cm .. :

depth is taken as 27°C (due to ‘the :insignificant - . -

amplitude in soil temperature that has been .associated = -

with tropical soils). Therefiore: they belong 107 rofure

isohyperthermnic temperatubezregime;- . Pine sandg. .. .
mineralogy of the pedons :is deminated by;qyértz.
‘Hence pedons GZ1, GZ2 and GZ3 are classified as Typic-
Tropeaquept, coarse loamy; silicedus, isobyperthernmic.
Pedons MD1, MD2, MD3, and GZL are classified as
Entisols. They have soft epiﬁedons and little or no
B horizon development, Both pedons MD3 and GZL &re...

moisture
considered to have aguic,regime-while pedons. MDl and

MD2 have ustic (dry inéime perts for 90 or more
cumulative days in most years), and udic moisture
regimes respectively. ?edon GZL has loamy fine sand
texture but less than 35 percent rock fragments in all
subscil horizons to a depth of 169cm; It is therefore

a Psamment. It contained more than 90 percent

quartz in the fine sand fractions wThe pedon:is
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qualified as Aquic Quartzipsemment. . The irregular . -
decrease of organic carbon witk depth in pedons -MD1,
MD2 and MD3 made them to qualify as Ustifluvent, =.. .,
Udifluvent and Fluvaquent respectively: - Pedon 8Dl . -
has neither mottles nor cracksait 4t is' therefore:s
Typic Ustifluvent whereas pedon MD2 is Typic Udifluvent
since it has neither aquic moisture regime nor mollic - -:
epipedon, Pedon MD3 has~horiz§ns with texture finer
tran loamy fine sand in the upper 75cm depth. It is
therefore an Andaéueptic Fluvaquernt. Pedon MD1 has
predominantly quartz in the fine sand fraction wheresas
the clay mineralogy of pedons MD2 and MD3 (Table 5) is
kaolinitic. Hence pedon MDL ds Typic Ustifluvent,
Tine loamy, siliceous isohyperthernic; pedon MDZ is
Typic Udifluvent, fine clayey,ksolinitic, isohyper-

. thermic while pedoﬁ MD3 is Andagueptic Fluvaguent,
,véry fine clayey, kalonitié; isohyperthermic, Pedon
GEYL is Aqﬁic Quartzipéammenﬁ (no particle size and
mineralogy classes, Soil Survey Staff, 1987),

isohyperthermic,
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Pedons MDL, GZ5 and G26 are Ultisols
because of evidence of intense leaching, presence
of kandic and/or argillic horizons, tropicael tempera-
ture and low base status (base saturation & 35% by
sum of cations CEG pH. 8.2,). They have ustic
moisture regime and are therefore classified as
Ustults. They are Kandiustults because they have
ECEC values less than 12cmol(+)kg"l soil, a clay
distribution whereby the percentage of clay does not
decrease from its maximum amount by a&s much as 20
percent (Big. 1) within a depth of 15d cm from the
soil surface; and do not have a lithic or paralithic
contact within 150cm of the soil surface. Pedons
GZ5 and GZ6 are Typic Kandiustults becsuse they are
free of.mottles and plinthite, have loamy'sand fo'
sandy loam epipedon and ECEC,:>1.Scmol(+)kg-l secil in
the major part of the argillic horizons; whereas pedon
MDYL hes mottles of high chrona below 22cm depth and

therefore is Aquic Kendiustult, Hence pedons GZ5 and
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GZ6 are Typic Kendiustult, fine clayey, kaolinitic,
ischyperthermic; wheréas pedon MDL is Aguic Kandius-
tult, very fine clayey, kaolinitic, isohyperthermic.
Pedons MD5 and DM3 have properties similar to those
observed in pedon DL except that they have base
saturation of > 35% (sum of cations, CEC determined
at pH 8.2,) which made them to be clessified as
Alfisols, Therefore, pedons MD5 and DM3 are
classified as Typic Kandiustalf, fine clayey,
._kaolinitic, isohyperthermic.

Pedons DM1l, ARI1, ARz and AR3 have properties

similar to the pedons classified earlﬁer as Entisols,
They have aquic moisture regime as evident in the
prominent mottling and dominant colour in the matkix
of 1OYR hue snd chroma 2 or less. ‘ They are therefore
Aquents. Pedons-ARl énd AR2? have organic carbon
distribution that decreased irregularly with depth
(Table 1) and a texture fiher than loamy fine sand in
subsoil horizons Eetween 25cm and 1.0m depth typical

of F.luvaquents. The .tpopical temperature and absence
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of sulfidic materials within 50cm of the soil
surface were used to classify pedons DMl and AR3

as Tropaquents, The clayey texture of the
epipedons of pedons ARl andlARz qualified them as
Andaqueptic Fluvaguents, Subgroups of Tropaquents
have not been defined (Soil Survey Staff, 1987).
Therefore pedon ARl is Andagueptic Fluvaguent, fine
loamy, siliceous, isohyperthermic; whereas pedon
AR2 is Andagueptic Fiuvaquent,rclayey over loamy,
lkaolinitic, iscohyperthermic, Pedon DMl.is
classified as Tropaquent, fine clayey, kaolinitic,
ischyperthermic; whereas pedon AR3 is Tropaquent
clayey over loamy, Keolinitic, isohyperthermic.

The vertic properties of peddns DM2, 1Dl angé
1D2 were expressed by the Presence of wide cracks
which extended to about 42cm, 38cm and Licm soil
depths respectively, slickehsides, grayish matrix
colour, a basic (alkaline) soil reaction (Table 1),
weayg hoiiéon developnent, and predominance of 2:1

expanding clay minerals (smectite). They are
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therefore classified as Vertisols. The soils are
E§E§£§s because the cracks remeined open throughout
the dry season (spanning more than 90 days).
Pedons DM2 and LD2 are Chromusterts because they have
chroma, moist of 2>1,5 in the upper 30cm wherees
pedon LDl is Pellustert having chroma of £1,5 in the
upper 30cnm depth. Both pedons DM2 and LD2 have
colour value less than 3,5 in the epipedon but the
cracks in pedon LD2 are likely to remain open for
longer period of time because of the short duration of
rainfall in most years in Lumda. Thus pedon DM2 is
classiried as Udic Chromustert, very fine clayey,
montmorillonitic, isohyperthermic, ‘Pedon LDl has
colour value, moist of ‘{-3.5 in the surface horizons
and the cracks are likely to remain open for long
period of time in most yéars. It ié therefore
classified as Typic Pellustert, very fine clayey,
montmorillonitic, isohypertbefmic; wheréas pedon LD2‘

is Typic Chromustert, fine clayey, montmorillonitic,

isohyperthermic,
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Pedons ARL and LD3 could be elassified as -
Inceptisols because of evidence of -intense leaching,
presence of cambic horizon .and loemy fine sand texture, -
The soils are mottled and have chromas %o high-for -«
Aquepts, and because of absence. of::volcanic materiala, -
plaggen and ochric epipedon, ;the ‘ropicel climate was .-
used to place them into Tropepts; because of*-the - - _.
ustic moisture regime they are Ustropepts. Pedon- ARL
is Typic Ustropept, loamy fine sand, .siliceous, R
isohyperthermic because it has mottles with chroma >2,
organic matter that decreases regularly with depth, no
cracks and no lithic contact within 50ém of tre soil
surface. Pedon 1D3 has properties similar to those -
of pedon ARl but because of its irpegular - decrease of
organic matter with depth and high CEC values in the
cambic horizons it is classified as Oxic Ustropept,
loamy fine sand, siliceous, isohyperthermic.

The presence of kandici(typified in pedon AR5)
and argillic horizons (in pedon AR6), base saturation
“>35% (sum of cations, pH 8.,2), tropical climate and
evidence of leaching gqualified pedons AR5 and .ARG &s .

Alfisols, Pedon ARS has udic-moisture regime whereas-
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the moisture regime of pedon AR6 which is an upland
soil is ustic, Hence they are Udalf and Ustalf
respectively. The clay distribution in pedon AR5

is such that the percentage of clay does not decrease
by as much as 20 percent of the maximum within a depth
of 150cm from the soil surface. In addition, the
pedon has many coarse mottles with chroma >5 in some
subsoil‘horizons. Pedon AR5 is therefore a
Paleudalf. Pedon AR6 is Haplustalf because it has no
duripan, plinthite, natric horizon; but the argillic
horizons have hue :>5YR; Pedon AR5 is Albaguic
Paleudalf because it has an increase of more than 15'
percent clay at the upper boundary of the kandic
horizon, Pedon AR6 has cation exchange capacity too
low (ECEC <:18cmol(+)kg—1 soil) for Typic Haplustalf,
hence it is Kanhaplic Haplustalf, Pedon AR5 is
therefore classified as Albaquic Paleudalf, fine
clayey, miked, isohyperthermic; whereas pedon ARG is
Kanhaplic Haplustalf, fine loanmy, siliceous,

isohyperthermic,
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The FAQO - Unescé equivalent for pedons GZ1, -
GZ2 and GZ3 is Dystric Gleysol becausé their - = =
profiles are dominated by hydromprphic soil-forming
brocesses as shown in the low chroma.  They have
low percent base saturation and concomifant high Ai
saturation. Pedons MD4, GZ5%and GZ6 hive low base .
saturation in part of the ‘B Horizons. -However,
wWhile pedon MD4 has some “Hiydromorphic properties
(mottling), pedons GZ5 and GZ6 are .fiesd of mottles. -
Therefore, FAO - Unesco equivalent for pedon MD& is
Gleyic fecrisol whereas pedons GZ5 and GZ6 are Haplic
Acrisols, S-S

Pedons MD1l, MD2, MD3 and DMI oceur in the .
flood~plains of River Benne whereas pedons AR1, ARD
and AR3 are soils which occur in the floodplain of
River Sokoto. They are all flooded‘or saturatéd at
the peak of flooding and have fluvic'properties
(Fluvisols) CaL. irregular decrease in organic carbon
content with depth (typified in pedon MD3). The
FAO-Unesco e.quri'valent for pedoens MD1, MD2 s AR1 and

AR2 is Dystiic Fluvisol because of the Iow base
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saturation, whereas pedons MD3, AR3 and DMl are -
EButric Fluvisols because"of-fheir rele tively high . R
base saturation. The FAO-Unesco eguivalent for

pedons DM2, LDl and LD2 _is:Eutric Vertisol ‘because .- _
of their high base saturaticn dnd lack-of -calcic - =
and/or gypsic horizons, 37 r . - S e,

The upland pedons with 16w CEC and high hase
saturation (pedons MD5 and DM3) are Lixisols; -whereas
those with high CEC and base saturation (Pedons AR5
and AR6) are Luvisols, The FAO-Unesco équivalent for
pedons MD5 and DM3 is Haplic Lixisol, whereas both
pedons AR5 and AR6 are Haplic Luvisols, - The coarse
textured pedons GZL and LD3 are Arenosols. However, -
because pedon GZlL shows some hydromorphic properties
it is a Gleyic Arenosol whereas the FAO-Unesco
eqﬁivalent for pedon LD3 is Cambic Arenoéol because
of the présenqe of a cambic B horizon, Pedon ARL
has a cambic horizon and because of. evidence of

alternsting wet and dry moisture conditiocns it is  a

Gleyic Cambisol. Tz
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Soil Taxonony classif'ication system apd -

FAO-Unesco legend are sometimes poorly correlated in

1

particular for hydromorphic soils: (Okusami-gt al.}
1987). This has been demonstrated "in the classifi-. - =
-cations of pedons MD3 and AR1, and in pedons LD3 and: ...
ARL . Both pedons MD3 and AR1 aPe-Andaqueptic
Fluviaguents (Soil Survey.Staff, 1987) but:differ. . "I
slight 1y when FAO-Unesco (1988) lsystem is applied
mainly because of differences in-base saturation.
- Even though the two ﬁedons have cambic horizcns,
pedon LD3 is an Arenosol because of ité coarse texture,

5.4  Potential Productivity of the Soils
for swamp rice (Oryza sativa L) and:-

dry Season Sorghum (Sorghum bicolor _.
L) Moench). : .

Soil and water management are important in

rice cultivation, Potential productivity evaluation
is uséful in predicting the suitability of any soil
for agricultural use, |

Soils of Makurdi transect have relatively high

potential productivity index (P = O{u5) for swamp rice =
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compared with soils of other transectis. The mean
potential productivity indices for Gadza, Dwam,
Argungu and Lumda transects are 0.36, 0.30, 0.18
and 0.09 respectively (Table 6). Most of the soils
(except pedons DM2, LD1 end LD2) are of low act1v1tjfﬁ;
kxaolinitic clay type (Table 5). The influence of
climatic factor becomes_prominent when comparing
Makurdi and Gadza sites (guineo—congolian) onr one
hand, with Dwam, Argungﬁ and Lumda sites (Sudanian/
sahelian savannas) on the other hand., Potential |
productivity indices (P) values obtained by multi-
plicative approach is usually less than 1.0 unless all
the factors con51dered are optimum.

In Makurdi sequence, pedon MD3 has the highest
P value (0.57), followed by pedon Mpy (P = 0.51),
pedon MD2 (P = 0.38), end pedon ¥Mp1 (P = O. 32), This
is due to the soil dréinage and salinity conditions
- in pedons MD3 and MDL which are optimum for swamp |
rice. Pedon MD3, however, contains more weatherable
minerals than pedon MDL. Also pedons GZ3 and GZ2
have higher P values (0 43 and 0.4LO respectively)

than pedons GZl (P = 0.30) and qu (P = 0.,29) due to
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Table 6: Potential productivity indices of the soils o ... .. = -.oo u

e JERR DS

Pedon Soil depth Soil ~Nature . . Mineral Sal-. Rainfall Produc= Mean
and texture of clay reverve inity condition tivity
drainage B B index p

(D) (T (4) (M) (8)z: (C) .- (P)
Makurdi transect R

MD~ 0.75 0.90 0,90 0.85 0.80-77 0,78 { _-0.32

MD2 0475 0,90 ! 0,90 S 0.95 0.84 .77 0,78 7. 0.38 :

MD3 1,00 0.9 0,90 . 0.95 0.95 0.78 0.5 O

MDh4 1,00 0490 20,90 10,85 0,95.. 0.78 . .-0.,517  .n

Gadza transect R RR T

GZ1 0.75 0.85 0.90 .. 0,85 0,84 - 0,74 - ©.30

G2 1,00 0,65 . 0,90 ..0.85 0.84 0,74 OO0 7

GZ3 1400 0.81 0.90 0495 0.8L4..7 0,78 0.43 9?36

azh 0.75 0.81 ©  0.90 0,85 0.8% %" 0,74 ¢ 0,29 b

, Dwam transect

D4 0.80 0450 0.95 0495 0.79 0.58 0,30

M2 0475 0.0  1.00 0495 0.78 0.58 0.9 0P

Argungu transect - ' :

AR 0.80 0.90 0.90 0.85 0.80 0.42 0.8 iz

AR2 0.80 0.90 - 0.90 0.95 0.95 002 0.25 T

AR3 1,00 0.90 0,90 0.95 0.%0 0.h2 0.16 0.18

ARk 0475 085 - 090 c.85 0.95 0O.h2  0.19

AR5 C.30- 0.99 0.90 €.95  0.k0 0.42 0,11

Lumda-transect
1D1 0.75 0.90 1.00 0.95 0.50 0.h2 0,13
D2 0.75 0.83 1,00 0.95 0,50 0.42 0,12 0,09

I3 0.0 0,50  .:0.95  0.85 0.i0 0.2 0,03
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better soil drainage end selinity conditioms.. .. an s
The major limiting factors fof swamp rice S
production in Dwam sequence,arearainfgll and soil - _re |

drainage. Pedons DM1 and DM2 have E‘V§;p6$,offﬂ,39gr
and 0.29 respectively (Table 6) o ~.Pedon DHZ2 contains -
better clay mineral typer(smectite ) .than pedon DML . .-
(mixture of clays or hydrous micas)=putrhasfa:poorer
salinity condition. Rainfall :factor is.the main ... .-
limitation for soils of Angungu;and-Lumda-sequen¢¢§»
Pedons ARl‘(P = 0.18) and ARL (p = 0.13) areﬁsomewhat
poorly-drained whereas pedpn'AR2 (P = 0.25) is poorly-
drained. Salinity is another factor that signifi-
cantly affected the potential producn;g;ty,oﬁ pedons -
AR3 (P - 0.16) and AR5 (P = 0.11);(7Tabl_,1e7;.§,). e
Drainage, salinity and climatic factors arse the main
1imitations of pedons LDl (P = 0.13) and LD2 (P = 0.12)
Qf all the pedons rated for swamp rice production,
pedon LD3 has the lowest P value (0.03) due to its
highly sandy. texture, high salinity, low rainfall and
so0il drainage (Teble 6). From the results obtained,

the potential productive (?J.inQEEQS of"thé.soilg are
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rated as follows: P TR A [T
| P_value Rating - :.-

O.41 - 1.00 high e

0.20 - 0,39 medium i -~ Tl

£ 0.20 low S

»Thelmain pedological cons traint-op intensified
swamp rice production in: the inlarnd “valley lowland,.:
river floodplains and terraces is-thé-low activity
clay type; This.is.duelinvpart to the'féCt that
their alluvial and colluvial parent materials were
derived from old and well-leached upland soils. In
addition,'these upland soils were mainly derived =
from acidic rocks of the-Basement'compiex or
sedimentary rocks derived from Baséement complex,: The
only soilé formed from base-rich materials are those
of pedons DM2, LDi and LD2.

The other main technical constraints on wetland
develcocpment are water availability and salinity.

There are two major hydrological problems, first the

length of the period of floeding which iis related :to

the dry-season depletion curve and-~second ‘the depth =
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of wet-season flooding. ~The first problem ism
controlled to & great extent, by the groundwater
characteristics which are in. turn related~tor -:
lithology. The length of time and depth of wet~ -
season flooding are related-to wetland topography;
with the soils in the lowest topographicipositions -
and depressions having deeper and-lionger flooding .
periods.. The depth of flooding is an.imporiant -
determinant for the rice variety to be cultivated and,
in the deeper flooded areas (e.g. around pédon AR3)
deep-water varieties would be needed.‘ In addition,
if the length of flooding is short (as may be the
case in Luymda), eérly~maturing varieties would be:
required. Salinity is a problem.that is .comnected . .-
with nearness of salt-rich groundwater to the soil
surface and occurrence of perched water table. The
problem is prominent‘in the drier parts (Sudanian
and Sahelian savannas) of the stddy area,

qut wetlands eventually dry out at the
surface during ths dry-season,. The depth of water .-

table is then importaznt in determining if . dry-season
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cultivation can occurs This depends on the -

moisture-holding capacity of. :the soils and the

dry-season depletion curve. due .to .evapotranspiration... .

The main factor considered for sorghum (Sorghum -- -

bicolor (L) Moench) is soil texutre since this is

directly related to the mpisture—hq}@ing1cabacity, .

of the soil. The amount of water held:by the--soil -~ —

determines the amount that would be avdilable for-- —.

plant use in the dry-seasoll. Salinity factor is not -

considered for sorghum because all pedons studied
have electrical conductivity values within the
tolersble level (sorghum tolerates up 1o 5dSm-1).

Therefore, only fine textured wetland soils (eege

pedons MD2, MD3, MDl, DM1, AR2, AR3 and AR5} which 7

would not dry out early in the dry-season may be
suitable for dry-season cultivation of sorghum.
Experience in New Marte (near LEmda) indicates that
Vertisols occupying depressions could be used fof
dry-season cultivation of '‘Rrirki' sorghum based on

sub-soil moisture reserves.. In other places i

(Gadza, Makurdi, Dwam and Argyngu), some wetland - - .
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soils are being used for dry-season cultivation of
cowpea, vegetables and early-maturing varieties of
sweet cassava (e.g. TMSL(2) - 1425). Soils of Gadza
transect and. those that occupied leﬁees are sandy and
therefore could not retain encugh moisture for drg-
season cultivation of sorghum. However, these

soils could possibly be used for vegetables,
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CHAPTER SIX il
6.0 ' SUMMARY AND CONCLUSIONS i~ uo o oTr

The soils of inland valleéy:lowland (e.g.
pedon GZ3) and floodplaimn depressions: {pedons MD3, ~: oro--
DM2, AR3) were generally:grayiéhibrown and.mottled - =; -
below the epilpedon in addition'to:pﬁesenbe=dﬂ-;ij“
_sesquioxidic nodules/concretions (pedons -MDh and
DM1l), whereas the well-drained upland soils had red
hues (2.5YR - 5YR) and were free of mottles. The
presence of significant amounts of hematite in the
clay fractions of the well-drained pedons MD5, GZ5 and ..
GZ6 corroborate their reddish colour.:: The decreasing -
redness of soils downslope could be ascribed to
increasing hydration of ifoﬁ or better still due to
chénges in iron form., - Gleization was evident in
péﬁon GZ2 by the presence of & permanently high

 groundwater.table and & mottle-free grayish colour

with low chroma. Pedons DM2, 1Dl and LD2 were

distinctly different from::the other -pedons by the
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occurrerice of vertic properties {(dark grayish . «.::i

colour, wide cracks and slickensides) in them, : siick:

However, the vertic properties were more developed %: .

in pedon 1D1. : (ORI

The topsoil and subsoil textures of the pedons ’

were guite variable and reflected-the -inflvence of o7 s

parent material and floodwater flow rate, - The.low---

land soils of Gadza transect (pedons.GZ1l:ite GZL) .- -

including those of levees in Mdkurdi and Aprgungu- . =7

transects (pedons MDl, ARl and AR4) and sand ridge
(pedon LD3) were generally sandy, whereas soils of
backswamps and depressions had heavier textures.
Accumulation of clay materials &t the epipedons of = =
pedons AR2 and AR3 which-occupied the backswamp, is &
reflection of floodwater flow/deposition rate.

Pedons MD5, G25, GZ6, DM3, AR5 and AR6 have B horizons
that contained higher clay contents,than.both A and-C
horizons. The influence of climatic variation among
_ the sites on thg morphology*and physical properties

of éoils is not much. Parent,material seems_to be

the dominant factor. Soil textural compesition

th
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reflects the influence of perent material, .logal . :x - *
relief and floodwater flow rate. . .. . = 1

| Soils of Makurdi and Gadza: transects were . -
generally acidic, whereas those of :Dwam, Argungu- and -=-
Lumda transects had soil ‘reactions ranging - -fromw aci@ -: o

-

through neutral to alkaline. - Low base status-moile
domi;ate in Gadza and Makurdi transects whereas:some -
soils of transects in Sudenian (Dwam and Argungu) and
Sudanian/Sahelian savenna: (Lumda) -were of high base
status. Pedons with horizons wich in smectitic clay
(Pedons DM2, LD1 and.LDz) had relatively high ECEC
values, Such horizons dnclude Bw2 (74-109cm). of
pedon DM2, Bw2 (57-96cm) of pedon LDI1,. and 2B&2 = . =+ =r
(85-117cm) of pedon LD2 with ECEC values of 30.68;:+%: -
31.12 and 20.31cmol(+)kg_l of soil respectively.
Howeger, pedon DM3 and all pedons of Argungu transect
(except pedon AR3) had relatively low ECEC values.

A1l pedons of Makurdi and Gedze transects had low
electrical conductivity (EC) values whereas salinity

(as indicated by high EC values) was greater in soils

of drier areas (Dwam, Argungu %Bd:meda)f:v Electrical

s thatfspilsxwi;h:,w e

conmductivity measurement sugggst
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perched water tables (e.g. pedons LDl and LD2) -and

those on micro-depressions .(e.g. pedons D¥2, AR3 and

AR5) contained high soluble salts, -The higher = i. u=if

Fe203(d)/clay ratios with soil depth observed in =

pedons GZ2, GZ3, DM2 and AR3 indicate aco-migration .+ -

or parallel eluviation of.:iron-and:lclay,.-whereas

higher Fa )/clay ratics in B horizons ‘thsn in A

2%3(a
horizons {e.g. in pedons MD1,. MD2, GZ5, ARl and LD2) .
indicate independent Fesz(d) migretion. | :

Quartz dominated the sand mineralogy, with
varying amounts of feldspar, muscovite, zircon and
bicotite. The silt mineralogy consisted of quartz,
mica, kaolinite and vermiculite, - The clay mineralogy - .
of the soils is greatly infiuenced by ‘the parent i-
material and topography. Most of the soils were
kaolonitic, but the soils derived from shale-dominated
materlals (pedons DM2, 1LD1 and LD2) were smectitic;
some others on depressions (pedons MD3 and AR5) had
horizons eqntalnlng 2:1 expanding .clay mxnerals
(smectite). e e i

There were evidences that eluvial/ilinvial

: . T
transportation processes gqg_ye&theningi;{9751tu have .
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contributed towards horizon development and
differentiation of pedons MD5, G25, GZ6, DM3, AR ¥
and AR6 as evidenced in the Bt hérizon,’ : The jonly
noticeable active pedogenic process in pedcris DM2, -
LDl and LD2 was soil displecéiient,-as évident-by the -
presence of slickensides, "*'Pédoturbation ds 8 result
of such displacement has been sufficient to prevent @ -
strong horizon development,: ::The presence of-= - -
relatively high Al saturdtion especially in pedons’ -
KD2, GZQ, GZ3, GZ4 and ARL, seems to support the
ferroiysis- concept of Brinkman (1970), Differential
accumulation of Al especially in hydromorphic_scils
with perched water tables (e.g. pedon MDL) may =
indicate the actively weathering zone . of -the -solum,
The warm soil temperature conditions in savennsa region
of Nigeria are believed to cause the marked dissocia-~
tion of soil water leading to a build-up of hydrogen
ions, which favours hydrolytic or H-weathering of
Vsilicates to kaolinite, Some mineral transfcrmetions
(e.g. 6f.hematite to goethite) have been brought

about by occurrence of hydrolyéis withAaéidoc6mple~-

xo0lrsis within the zone above ‘the water table, * = v
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The wetland soils are relatively young in 4°
terms of pedogenesis and -are therefore predomingntly
Inceptisols and Entisols; whereas the gadjoining:upland -
soils are mainly Alfisols anad Ultigsols,. However, = °
Pedons DM2, LD1 and LD2, are:Vertisols) ~ All-pedéns
with clayey textures are Kaolinitic (except pedon-AR5: - -
which has mixed mineralogy) ‘but the Vertisols are
montmorillonitic Pedons with sandy  andiloany textﬁres
are silicetus., All ﬁedcns hdvé isohypertheérmic '
temperature regime, Thus pedons GZ1l, GZ2 and GZ3 are
classified as Typic Tropaquept, coarse loamy; pedon
AR& is Typic-Usterept, loamy fine sand while pedon
LD3% is classifiéd as Oxic Ustropept, loamy:fine sand, .=
' Pedon MD1 is Typic Ustifluvent, fine Iloamy; pedon
MD2 is Typic Udifluvent, fine clayey, while pedon GZh
is classifiéd as Aquic Quartzipsamment. Both
pedons MD3 and ARl are classified as Andagueptic
Pluvaquent but pedon MD3 had very fine clayey texture
~ while the other pedon is fine loamy,., Similarly, - -
pedon AR2 is classified gé.Andaqueptic;Fluvaquent; *Lfka:Js

clayey over loamy. Both pedons DM1 and AR3 are’
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Tropaguents but while pedon DM1 has fine clayey
texture, the other pedon is clayey over .loamy. - Both .

pedons MD5 and DM3 are classified as. Typic-Kendius- - .

‘0

talf, fine clayey. Pedon AR5 is Albaguie Paleudalf, -
fine clayey whereas pedon AR6 .is. Kanheplic.Haplustalf, ;-
fine loamy. Pedon MDL is .classified as Agquic T oo et
Kandiustult, very fine clayey -whereas both pedons
GZ5 and -GZ6 are Typic Kandiustultsy, fine clayey. .. .
Pedon DM2 is classified as Udic Chromustert,
verj fine clayey; pedon LDl is Typic Pellustert, very
fine clayey while pedon LD2 is Typid Chromusteff, fine
clayey. '
The FAO-Unesco equivalent for pedons GZ1l, G2Z2 -
and GZ3 is Dystric Gleysol; pedon MD4 is.Gleyic. —, - _:
Acrisols whereas pedons GZ5 and GZ6 are Haplic
Acrisols, = Pedons MD1, MDQ,:ARl and AR2 are Dystric
whereas pedons MD3, AR3 and DM1 are Eutric FPluvisols,
Fluvisols, , The FA6-Unesco equivalent for pedons
‘DM2, ID1 end LD2 is Eutric Vertisol, Pedoﬁs MD5

and DM3 are classified as Haplic Lixisols whereas

pedons AR5 and AR6 are Haplic ‘Luvisols. = Pedon GZL

is Gleyic Arenosol whereas pedon LD3. is Cambic == =
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Arencsocl, The FAO-Unescto equivalent Ffor'Pedon ARL — . ' +°
is Gleyic Cambisol,

The mean potential productivity indices (B) v -
for lowland rice in Makurdi, Gadzea,: Dwam, Arghhgufahd:*;?*
Lumda transects are 0.45, 036, 0+30, 0.18and ‘0,09, -
respectively. Low soil fertility, poor wéater AR
availability and high salinityare the mein
constraints, Only pedons-MD2, MD3, MDL, DN1, ARZ,

AR3 and AR5, because of their fine textures,- may 5e

suitable for dry-season cultivation of sorghum,
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SPPENDICES PRI
. APPENDIX A =
 DETAILED SOIL PROFILE DESCRIPTION

Makurdi transec} e

Profile Number: MD1 NESTEH
Soil Name: Santigl series:
Higher Category Classification: - Typic Ustifluvent
Date of Examination: dJune 20, 1987
Author of Description: G.0. Oyediran
Location: About 500 metres from Benue river
Lower Benue River and Rural development
Authority, rice fiéld near Qtave village,
11 kilometres west of Makurdi (approximately
7°45'N, 8°30'E), Benue State of Nigeria.
Elevation: 80 metres above sea level
Landform
(i) Physicgraphic position of the site: levee
(i;) Topography of surrounding country: flat
(iii) Microtopography: Nl
Slope on which profile is sited: <1.0%
Vegetation and Land-use: Grasses; seasonally used

for swamp rice cultivation,
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Climete: Hot subhumid tropical. Mean anpual rainfall
is about 1400mm with a relatively weak
bimodal distribution pattern, Megn nmid-day
air temperature is approximately 2?°C.

Parent Material: Alluvial deposit.

Drainage: Somewhat poorly drained - .-

Moisture condition in profile: .. Moist throughout -

Depth of groundwater table: Below 168cm by the time

of examination.

Presence of surface stones, rock outcrops: none

Evidence'of erosion: none

Presence of salt or alkalis none

Buman influence; Seasonally used for swamp rice

cultivation,

ol o-2Lcm, . Dark brown (7.5YR L/2) molst; clay loam;
moderate medium subangular tlocky; f'riable,
moist, sticky and plastic wet; few fine grass
roots; gradual smooth boundary.

A 2&-59cﬁ. Dark brown (7.YR 4/L4) moist; sandy clay
loam; moderate medium granular; fiiable moist,

slightly sticky slightly plastic wet;. clear .

smooth boundary.
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2BA, 59-87cm., Reddish brown (5YR 5/4) moist, loamy
sand; moderate medium subangular blocky;
friable moist, nonsticky nonplastic wet; clear .=
waey bouddary.

2BA, 87-120cm. Brown (7.5YR 5/L) moist; loamy sand;

moderate medium subangular blocky;~friable
-moist, nonsticky nonplastic wet; clear smooth
boundary. |

2BC  120-168cm, Reddish brown (5YR L/3) mcist; sandy
clay loam; moderate medium subanguar blocky;

friable moisi, nonsticky nonplastic wet.

Prof'ile Number MD2
S0il Name: Iju series
Higher Category Classification: Typic Udifluvent
'Date of Examination: June 20, 1987
Location: About 1.0 kilometre from Benue river (ie
500 metres from profile MD1). |
Landform
(1) Physiography: Levee/backswamp transition
(ii)} Topography: flat
Vegetation or Land-use: .Grasses, seasontlly used Tor

swamp rice cultivation,



]

Pafent Material: Alluvial deposit - : . =
Drainage: Somewhat poorly drained - . - ..
Moisture condition in profile: Moist throughout

Depth of gfoundwater table: Slightly below 17lcm dep

depth by the time of examination,-

A 0-25cm, Dark reddish brown (5YR 3/2) moist; .clay;
moderate fine and medium granular; frieble
moist slightly sticky slightly plastic wet;
many fine and medium rooté; clear smooth
boundary.

BA 25-60cm., Dark brown (7.5YR L/4) moist; clay;
moderate mediuﬁ subangular blocky; friable
moist, sticky and plastic wet; clear smooth
boundary.

Bw., 60~97cm, Reddish brown (5YR L/ moist);clay

1
moderate medium and strong coarse angular
blocky; firm moist; very sticky and very p
plastic wet; clear wavy boundary.

Bw, 97-130cm. Pinkish gray (7.5YR 6/2) moist, with

common medium faint brown (7.5YR 574) mottles

clay; moderate medium subangular blocky;

friable moist, sticky and plastic wet,clear
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smooth boundary. -

BGC 130~17lcm., Brown (10YR 5/3) matrix with common: - -

distinct medium dark grayish brown {1QYR 4/2) .
mottles; clay; moderate fine and medium -
subangular blocky; friable moist, sticky and

plastic wet. e

Priofile Number: MD3
Soil Hane: Edoshigi series
Higher Category Classification: Andaqueptic Fluvaquent
Date of Examination: June 20, 1987
Location: 2.0 kilometres from Benue river (ie about
1000 metres from profile MD2)}.
Landform
(i) Physiography: backswamp
(ii) Topography: almost flat
Vegetation or Land~use: Grasses, seasonally used for
swamp rice vultivation.
Parent material: Alluvial deposit
Dratbnage: Seasonally flooded
¥oisture condition in profile: Moist from surface
to Lbem depth, but wet below.
Depth of groundwater table: About 82cm by the time

of examination,
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0-30cm. Very dark gray (2.5Y3/0) moist; clay;

moderate fine and medium subangular blocky;:
firm moist, slightly sticky and plastic wet;

few fine roots; clear smooth boundary. .

30~45cm. Gray (10YR:6/1)-moist, with many medium

distinct dark reddish gray (5YR 4/2) mottles:
clay; moderate medium subangular blocky; very
firm moist, sticky and plastic wet; gradual

smooth boundary.

2Bw, L5-70cm. Gray (10YR 6/1) wet, with common medium

2Bw

distinct reddish brown (5YR 5/4) mottles; clay;
moederate medium and strong coarse angular
blocky; very sticky and very plastic wet; clear

wavy boundary.

© 70-113cm. Reddish gray (5YR 5/2) wet, with few

fine faint brown (7.5YR 5/L) mottles; clay;
moderate medium and coarse angular blocky;
very sticky and very plastic wet; clear smooth

boundary,
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oBCg 113 - 182cm. Pinkish gray (7.5YR 6/2) wet, with
few fine faint brown (7.5YR 5/4) mottles;--elay;
moderate medium angular blocky: sticky and . -

plastic wet.

Profile Number: MDL
Scil Name: Edoshigi series
Higher Category Classification: Aquic Kandiustult
Date of Examination: dJune 20, 1987
Location: About 3.3 kilohetres from Benue river
(i.e 1l.3km, from MD3).
Landform
(i) Physiography:  backswamp/upland transition
(ii) Topography: elmost flat
Végetation or Land-use: Grasses: and some few shrubs;
seasonally used fof swamp rice cultivation.
Parent Material: Alluvial deposit

Drainage: Seasonally flooded



ehl,

Moisture condition in profile: Moist from surface to

128c¢m depth, but wet below, ™ : B

Depth of groundwater table: About 137cm by the time

BA

chl

of examination, : - R

O-22cm  Black (7.5YR 2/0) moist; clay; moderate
medium granular; friable mdist; slightily
sticky slightly plastic wet; many fine grass
roots; clear smooth boundary.

22-6Licm, - Dark gray (5YR 4/1) moist, with few
fine faint strong brown (7.5YR 5/8) mottles;
clay; moderate medium subangular blocky; firm
moist, sticky and plastic wet; clear smooth

boundary.

6L-90cm. Very dark gray (7.5YR 3/0) moist with
few fine distinct reddish yellow (7.5YR 6/8)
mottles; clay; moderate medium and strong
coarse angular blocky; very firm moist, very
sticky very plastic wet; few soft spherical
dark-red sesquioxidic nodules/concizations,

clear wavy boundary.
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90~128cm. Reddish: gray (5YR 5/2) moist, with.
many medium &nd coarse prominent brown
(7.5YR 5/L) mottles; clay; strong medium and
coarse angular blocky; very,firm moist, very
sticky very plastic wet; many soft spherical
dark-red sesquioxidic nodules/concretions;

clear smooth boundary.

Beg 128-185cm. Gray (5YR 5/1) wet, with many medium

prominent yellowish red (5YR 5/8) mottles; clay;
strong coarse angular blocky; very sticky and

very plastic wet.

Profile Numbepr: HD5

Spil Name: Timfun series

Higher Category Classification: Typic Kandiustalf

Date of Examination: June 20, 1987

Location: 3.8 kilometres from Benue River (ie

280 metres from MDL).

Landform.

(1) Physiography: Upland, middle - slcpe

(ii) Topography: Undulating

Slope on which profile is sited: 2.5%
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Vegetation or Land-Use: Grasses, shrubs and few trees

Parent Material: Colluvial material {

-

Drainage: PFairly well-drained::

Moisture condition in profile: Moist throughout

Depth of groundwater table: Well below:v185cm -

A 0O-26cm. Dark brown (7.5YR 4/2) moist; loam;

BA

Bt

Bt

moderate medium geanular; friable moist,
slightly sticky slightly plastic wet; many
fine and few medium roots; gradual smcoth
boundary,

26- Bem, Brown (7.5YR £/L) moist, clay loam,
moderate medium subangular blocky; frisble
moist, sticky and plastic wet; few very fine
roots;.clear smooth boundary,

59-80cm.  Yellowish red (5YR L4/6) moist, with few
medium faint reddish yellow (7.5YR 6/8) mottles
clay; mederatie medium subangular blocky;
friable moist, sticky and plastic wet; clear
smooth boundary.

80-124cm, Yelldwish red {5YR 5/6) moist, with

common medium distinct gray (5YR 5/1) mottles;
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clay; strong medium and coaprse .angulsr blocky; .
firm moist, very sticky very plsstic wet; clear
wavy boundary. '

C 124-185cm. Red (2.5YR L4/8) moist, with many coarse
distinct gray (5¥R 5/1) mottles; clay; moderate

medium subangular blecky; friable ‘moist, sticky -

and plastic wet.

Gadza transect

Profile Humber: GZ1

Séil Name: Ishaga séries

Higher Category classificaticn: Typic Tropaquept_

Date of Examination: June 11, 1987

Author of bescription: G.0. Oyediran

Location: About 55 metres from Gadza river. Gadza
valley, 6.8 kilometres south of Bida (approxi-
mately 9°10'N, 5°58'%] off Bida Federal
Polythechnica road, Niger State of Nigeria,

Elevaiion: 96 metres mbove sea level

Landform

(i) Physiographic position of the state:

Valley lowland
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(ii) Topography of surrounding countrys; :f
Almost flat
(iii) Microtopography: Nil = o=
Slope on which profile is sited: 1.1%
Vegetafion and Land-use: Bush fallow, predominantly
grasses; seasonally used for.swamp:rice cultiva-—
tion and dry season cropping (vegetables and -
cowpea ).
Climate: Hot subhumid tropical with marked wet and
dry seasons, Mean annual rainfall is about
1175nm. Mean mid-day air temperature is
approximately 2700.
Parent Material: Alluval deposit
Drainage: Somewhat poortly draiﬁed.
Moisture condition in profile: Moist from surface to
12%cm, but wet below.
Depth of groundwater table: Below 192cm by the time
of examination.
Presence-of.surface stones, rock outcrops: none
Evidence of erosion: None
Human influence: Seasonally used for swamp rice

cultivation in the rainy .season., -
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0-2lcm.  Dark brown -(7,5YR L/2) moist sandy,
loaml weak find granular; friable moist; -

fnonsticky nonplastic wet; many medium roots;

" clear wavy boundary. o

21-52cm.  Brown (7.5YR 5/2) moist, with-few fine.
faint strong brown (7.5YR)5/6) mottles; sandy - -
loam; moderate fine and medium subangular -
blocky; friable moist, nonsticky nonplastic wet;
few fine roots; cleaf smooth boundary. h

52-95¢cnm, Brown (7.5YR 5/2) moist; loam; modefate
fine subangular blocky; friable mdiét; nonsticky
nonplastic wet; clear msmooth boundary.

95-129c¢m.  Light brownish grap (10YR 6/2) moist,
with common fine distinct strong brown (7.5YR 5/6)
mottles; sandy loam; strong medium subangular
blocky; friasble moist, nonsticky nonplastic wet;
clear smooth boundary,

129-192em.  Light brownish gray (1lOYR 6/2) wet with

' many fine prominent strong brown (7.5YR 5/8)
mottles; sandy loam; strong medium subangu.ar

blocky; firm moist, morsticky nonplastic wet.
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Profile Number: GZ2 -
S0il Name: Mesan series- -: .
Higher;Category Classification:  Typic Tropaguept:-
Date of Examination: June. 11, 1987
Location: 147 metres from.profile GZ1l
Landform v
(1) Physiogrpphy: Valley bottom
(ii) Topography: Almost flat
Slope on which profile is sited: 1.6%
Vegetation and Land-use: Under savanné fallow regrowth
at time of examination, Seasonally used for

swamp rice cultivation.

Parent Material: Alluvial deposit

Drainage: Seascnally flooded

Moisture condition in profile: Moist from surface to
60cm, but wet below by the time of examination.

Depth. of groundwater table:  About 110cm by the time

. of examination,

Ap O - llcm. “rayish brown (10YR. 5/2) moist, sandy

'loam moderate fine granular; friable moist;

nonsticky nonplastic wet; many medium roots;



2BA

2Cg

251 BE

gradual smooth boundary, : .«i=3l -@me . o
11-32cm, Light brownish gray:{10YR 6/2) moist;.-
course sand; moderate medium granular; friable .-
moist, nonsticky nonpléstic,wht;=few:fing Tooks; .-
gradual smooth boundary. = = = - .. 0 Tl il
32-60cm, Light brownish gray.(A0YR 6/2) moist; : -
sand; moderate medium subangular blocky; friable
moist, nonsticky nonplastic wet; clear wavy
boundary.

60~110cm. Grayish brown (10YR 5/2) wet, brown
(10YR 5/3) moist; sandy loam; strong medium
subangular blocky; slightly stricky slightly
plastic wet, friable moist, hard dry; clear

smooth boundary,

110cm - 168cm., Light brownish gray (10YR 6/2) wet;
gray (5YR 5/1) moist; coarse sand; moderate

medium subangular blocky; nonsticky nonplastic

wet; friable moist and slightly hard dry.

Profile Number:. GZ3

30il Name: Indaloke series

Higher Category Classification: Typic.-Tropaquept.

Date of Examination: July 28,1987 i ¢ : 7ul

Location: 4,38 metres from.profile GZ2"upslope 77 =

Landform
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(i) Physiography: Valley bottom/fringe .-
(11) fTopography: Undulating < -uo.-~z: v e iobd

Slope on which profile is siteds +.8% - :iiis o o

Vegetation or lLand-use: Tassava; seasonally used fTor - ..
swamp rice cultivation.

Parent Material: Alluvial deposit:= - .. i

Drainage: Seasonally swampy: - :.0-- & =iy

Moisture condition in profile: Moist from surface to-
185cm, but wet below.

Depth of groundwater table: About 192 cm by the time
of examination.

A 0O-18cm., Gray (10YR 6/1) moist, loamy coarse sand;
moderate finé and medium granular; friable moist;
slightly sticky slightly plastic wet; many medium

cassava roots; clear smooth boundary.

AB, 187550m. Light brownish gray (10YR 6/2) moist,
with few fine faint strong brown (7.5YR 5/6)
mottles; loamy sand; moderate medium granular,
-friable moist, nonsticky nmonplastic wet; common
medium cassava roots; clear smooth boundary.

AB, b55-96cm. Grayish brown (10YR 5/2) moist, with
common medium distinct strong brown (7.5YR 5/6)

mottles; sandy loam; moderate medium--subangular-:»=:
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blocky; fiiable moist, nonsticky monplastic: wet; -~z
~ clear wavy boundary.

5BA. 96-1llcm. Dark gray (10YR 4/1) moist, with.
common medium faint strong brown. {7.5YR 5/6) -
mottles; loamy coarse sand;.istrong medium . =
angular blocky; firm moist,-:sticky and;plaétic

wet; clear wavy boundary.

2BA i11—136cm. Gray (1OYR 5/1) moist, sand; moderate

medium subangular blccky friable moist,

nonsticky nonplastic wet; clear smooth boundary

2BC  136-15lcm. Dark gray (10YR L/1) moist; lomay sand;
stong medium angular tlocky; firm moist, sticky

and plastic wet; clear smooth boundary.

2¢  151-192cm. Gray (10YR 6/1) wet, Light brownish
gray (10YR 6/2) moist; loam sand; Light moderate
medium subangular blocky; neonsticky nonplastic wet,

friable moist, soft dry.

' Profile Number: GZL4
Soil Name: Ishaga series?

Higher Category Classification: Aguic Quartzipsamment.
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Date of Examination: July 28, 1987 -.: -
Location: About 560 metres from profile GZ3 upslope
Landform

(i) -Physiography: Valley fringe . _:

(ii) ‘Topography: Undulating . . - ST
Slope on which profile is siteds © 2.5%  ° .
Vegetation or Land-use: Shrubs, grasses and few -

sheabutter (Vitellaria paradoxa) and oil palm

(Elaesis guinensis) tress.,

Parent Material: Coljuvial/Alluvial materials

Draingag: Somewhat poorly-drained

Moisture condition in profile: Moist throughout the
‘profile by the time of examination,

Depth of groundwater table: Below 192cm,

Ap  0-20cm Dark brown (7,5YR L/2) moist; slightly
graveily loamy coarse sand; weak medium granular
friable moist, nonsticky nonplastic wet; few medium

. roots; Bradual smooth boundary.

AB, 20-40cm, Strong brown (7.5YR 5/6) moist; loamy

1
coarse sand; moderate medium subangular blocky;

friable moist, ncensticky nonplastic wet; few medium

roots; clear smooth boundary. .
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AB, L0-60cm, Strong brown (7+5YR 5/6) moist, with few -
fine faint yellowish brown (10YR 5/8) nmettlesl loamy .
coarse sand; moderate medium subangular blocky : .
friable moist, slightly sticky slightly plastic wet; .

few fine roots; clear wavy boundary. v L

BA 60-93cm, Yellowish brown-{10YR 5/8) moist, with:..
éommon medium distinct reddish brown (2.5YR 5/4)
mottles; loamy coarse sand; moderate medium and
coarse subangular blocky; firm moist, sticky and

pléstic wet; clear smooth boundary.

BC, 93-169¢m. Very pale brown (10YR 7/L) moist; loany
coarse sand; few rounded ircnstione pebbles and
boulders (10-30cm); moderate medium and coarse
subangular blocky; firm moist, sticky and plastic
wet; clear smooth boundary.

BCrg2 169-192cm. Reddish Yellow (7.5YR 6/6) moist,
with many medium distinct pinkish white (7.5YR &/2)

" mottles; coarse sandy loam; a discontinuous layer of
fairly weathered ironstone; moderate medium

subangular blocky; firm moist, sticky and plastic

wet.
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Profile Number: GZ5 i : ST R
S50il Name: Kulfo series . ooEn
Higher Category Classification: = Typic Kandistult
Date of Examination: July 29, 1987 =i i .
Location: About 800 metres from profile YZi upslope .=
Elevation: 108 metres above. sea level . " :: -
Landform

(i) Physiography: Upland, middle-slope

(ii) Topography: Undulating

(iii) Miecrciopographys termite mounds

Slope on which profile is sited:  L.0%
Vegetation or lLand-use: Bush regrowth, seasonally

used for sorghum/maize/mellon/cowpea cultivation.

Parent Material: Colluvial materials
Drainage: Well-drained
Moisture condition in profile: Moist throughout

Depth of Groundwater table: Well below 207cm,.

A  0-licm., Darm brown (7.5YR L/L) moist; loamy
coarse sand, moderate fine crumb, friable moist,
nonsticky ncnplastic wet; common fine roots;

gradual smooth boundary.
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14 - 37cm. Reddish brown (5YR'4/4) moist; coarse

sandx loam; moderate medium subangular ‘blocky; .
friabie moist, slightly sticky slightly plastic
wet; few medium and coarse roots; clear smooth
boundary. : o

Yellowish red (5YR-4/6) moigt; very-fine
sandy loam; moderate to strong medium subangular
blocky; friable moist, sticky and plastic wet; few
fine roots; gradual smooth boundary.

92 - 140cm. Red {2.5YR 5/6) mcist; slightly
gravelly sandy clay; strong medivum and coarse
subangular blocky; friable moist, sticky and
plastic wet; diffuse smooth boundary.

140 - 182cm., Red (2.5YR 5/6) moist; sandy clay;
many rounded gravels and boulders (3-25cm) ;
strong medium and coarse subangular blocky; thin
void cutans; friable moist, sticky and plastic
wet; few spherical black Fe/Mn concretions, clear
smooth boundary.

182 — 207cm. Red (2.5YR 5/6) moist, with many
medium prominent reddish yellow (5YR 7/6) mottles,
gravelly sandy clay; moderate medium subangular
blocky; friable moist, slightly sticky slightly

plastic wet.




Profile Number: GZ6 ST =

Soll Name: Alaghba series:

Higher Category Classification: Typic Kandiustilt.

Date of Examination: July 29, 1987

Location: 305 metres off Bidai: Federal Polytechnic road;
near Ghamsitako village.. -

Elevation: 130 metres above seal level

Land form
(i) Physiography: Upper slope/summit
(ii) Topography: Undulating

(iii) Microtopography: Nil
Slope on which profile is sited: 5.3%

Vegetation or Land-use: Predominantly grasses and few

sheabutter (Vitellaria paradoxa) trees; used for

upland crops (maize/sorghum/mellon) production in
the rainy season.

Parent material: Colluvial -materials

Dr%inage: Well-drained

Moisture condition in profile: Moist throughout

Depth of groundwater table: Beiow 200cm.

A O0-24cm, Dark brown (7.5YR 4/4) moist; loamy
gand; moderate fine granular; friable moist
nonstickly nonplastiv wet; few medium roots;

clear smooth boundary.
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AB 2L4-59¢m. Reddish brown (5YR 5/4) moist, very -

QBtl

2Bct2

2C

fine sandy loam; moderate medium subanguar blocky;
friable moist, slightly sticky slightly plastic

wet; few fine roots; gradual smooth boundary. .

59-97em, Yellowish red- {5YR 5/6) moist; sandy
clay; moderate medium subangulgr blocky; friable
moist, slightly sticky slightly plastic wet; few

fine roots; gradual smooth boundary.

97-160cm, Yellowish red {5YR 5/6) moist; sandy
clay; strong medium subangular blocky; thin void
cutans; firm moist, sticky and plastic wet; few
medium sheabutter roots; few spherical black

Fe/Mn concretions; clear smooth boundary.

160-2@0cm. Yellowish red (5YR 5/6) moist; sandy

clay; many ironstone gravels and boulders (3-35cm);

moderate medium subangular blocky; friable moist;
slightly sticky slightly plastic wet,

Dwam _trans ect

Profile Number: DM1

Soil Name: Gbajigi series

Higher Category Classification: Tropaquent



260

Date of Examination: November 27, 1987

Author of Description: G.0. Oyediran

Location: New Federal Ministry of Agric. Dwam
irrigation project site; 53 kolometres from Yols,
off Yola-Gombe road (9° 10'N 12°14'E).  About
500 metres from Benue river.

Elevation: 150 metres above sea level

Landform:
(i) Physiographic position of the site: levee/

backswamp
(ii) Topography of surrounding country: Almost
flat

(iii) Microtopogrephy: Nil

Slope on which profile is sited: 0.8%

Vegetation and Lénd—use: Grasses; close to the profile
pit is a sorghum plot at the time of examination.

Climete: Hot subhumid tropical, Mean annual rainfall
is about 850cm. Rainfall patiern iddicate &
unimodal trend, Mean mid-deay air temperature is
approximately 280C.

Parent Material: Alluvial deposit

Drainage: Poorly drained
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Moisture condition in profile: Moist from surface
to 103cm, but wet below.

Depth of groundwater table: Below 179cm. by the time
of examination,

Presence of surface stones, rock ouicrops: none

Evidence of erosion: none

Presence of salt or alkalij: none

Human influence: Occasionally used for maize/sorghum
cultivation,

A 0-25cm, Dark brown (7.5YR L/2) moist; sllty clay;
ﬁoderate medium subangular blocky; very spongy
moist, slightly sticky slightly plastic wet;
comnon fine grass roots; clear smooth boundary.

BAc  25-h4licm. Brown (7.5YR 5/2) moist, with few fine
faint yellowish brown (10YR 5/8) mottles; silty
clay; weak medium subangaddr blocky; very friable
moist, slightly sticky slightly plastic wet; few
small hard spherical black Fe/Mn concretions;

gradual smooth boundary.

Bwc,  Li~72cm. Dark brown (7.5YR L/2) moist, with

common medium distinct reddish brown (5YR 5/4)
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mottles; silty clay; weak medium subangular
blocky; friable moist, sticky and plastiic wet;
fregquent small hard spherical black Fe/Mn
concretions; diffuse smooth boundary.

2Bwe,, 72-103cm., Dark brown (7.5YR'4/2) moist, with.

common medium distinet reddish brown (5YR 5/4) o~
mottles; loam; ﬁeak medium subangular blocky;
friable moist, sticky and plastic wet; very
feequent small hard spherical black sesguioxidic
concretions; clear smooth boundary,
2Bwe 103~135cm, Gray {5YR 5/1) moist, with common
medium prominentreddish yellow {5YR 6/8) and very
dark brown (10YR 52 ) mottles; sandy clay loam;
weak medium subangular blocky; frisble moist,
sticky and plastic wet; very frequent small hard
spherical black sesguioxidic concretions; abrupt
smooth boundary. ‘
2C - 135-179cm. Pinkish gray (7.5YR 6/2) moist, with
many coarse distinct stpong bpown (7.5YR 5/6)
mottles; loamy coarse sand; weak fine .subangular

blocky; very friable moist; nonsticky nonplastic

wet,
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Profile Number:  DM2
S0il Name: Boskeri series
Higher Category Classification: Udic Chromustert
Date of Examination: November 27, 1987..
Location: 1100 metres from profiile DM1 ~ H ol
Landform: T oL T
(i) Physiography: depression

(ii) Topography: Undulating

Slope on which profile is sited: 2.2%

Vegététion and Land-use: Grasses and some shrubs;
used for grazing.

Parent Material: Formed in shales dominatsd parent
materials,

Drainage: Somewhat poorly-drained

Moistube condition in profile: Moist throughoﬁt

Depth of gresundwater table: Well below 165cm;

Evidence of erosion: None, but common medium cracks
(about jém wide and 28cm deep).

4  0~20cm.~. Dark yellowish brown (1OYR 3/") moist,
with few very faint gray mottles; clay; moderate
medium sﬁbangular blocky; very hard dry, firm

moist, very sticky very plastic wet; common medium =
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eracks (about 3cm. wide) 3 common fine rass

roots; clear irregular boundary.

AB 20-42cm, Dark yellowish brown- (1OYR.3/L) moist,
with few very faint grey mottles; clay; moderate
medium angular blocky; very fine (about 1l.5cm wide)

crdacks; few fine roots, clear smooth boundary.

Bw, L2~74cm. Dark grayish brown (10YRr 4/2) moist,
with common medium distinect yellowish brown
(10YR 5/8) mottles; clay; moderate medium angular
blocky; very hard dry, very firm moist, very sticky
very plastic wet; few fine roots; slickensides;
gradual smooth boundary.

Bw 74~109cm, Light brownish gray (10YR 6/2) moist,
with common medium faint yellowish brown (10YR 5/8)
mottles; slightly gravelly clay; moderate medium
angular blocky; very hard dry, very firm moist,
very sticky very plastic wet; slickensides; clear
‘smooth boundary. |

BC 109-165cm. Gray (10YR 5/1) moist, with common
medium faint brown (1OYR 5/3) mottles; very

grvaelly clay ; moderate medium subanguar blocky;
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many mediun spherical quartz gravel; hard dry, firm -

firm moist, sticky and plastic weth = <

Profile Number: M3 C S

So0il Name: Ashaska series . ..

Higher Category Classification: : Typic Kandiustalf -

Date of Examination:  November 27, 1987

Location: 1.0 kilometre from profile DM2 upslope

Elevation: 162 metres above sea level

Landform
(i) Physiography: Upland, upper-slope/summit
(ii) Topography: Udulating

Slppe on which profile is sited: L 4%

Vegetation and Land-use: Grasses and few shrubs; used
for growing sorghum in rainy season,

Parent Material: Colluvial materials on limestone

Drainage: Well drained

Moisture condition in profile: Moist throughout

Depth of groundwater table:  Well below 175cm

A 0-18cm, Dark Brown (7.5YR u/2) moist, rith few
fine very faint yellowish mottles; slightly
gravelly sandy clay loam; moderate medium

subangular blocky; hard dry, firm moist, slightly -
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sticky slightly plastic wet; common fine:grads - - -
roots; gradual smooth boundary, @

18-43cm. Yellowish brown (10YR 5/i) moist; with
few fine very faint gray mottles; slightly gravelly

clay; moderate medium subangular blocky; slightly:
flard dry friable moist, slightly sticky slightly
plastic wet; few fine grass rootsjy gradual.smooth
boundary.

L43-76cm. Yellowish brown “(10YR 5/6) moist; slightly
gravelly sandy clay lcam; moderate medium angular
blocky; hard dry, firm moist, sticky and plastic
wet; clear smooth boundary.

76-120cm. Yellowish brown (10YR 5/6) moist, very
gravelly clay; moderate medium angular blocky, very
hard dry, firm moist, sticky and plastic wet; many
medium spherical quartz gravel, few angular quartz
stones (8-10cm); clear smooth boundary.

120-160cm., Brownish yellow (10YR 6/8) moist; very
gravelly sandy clay loam; moderate fine subangular
blocky; hard dry, firm moist, slightly sticky

slightly plastic wet; few medium spherical quartz
gravel, many angular guartz stones; clear wavy

boundary.

160-1,5cm+, Slightly weathered limestone (rock);
sandy clay loam; massive; strong effervescence

with 10% HC1,.
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Argungu transect . ramnwnun

Frofile Number: AR1

50il Name: Tsantsaga series. S

Higher Category Classification: Andaqueptic Fluvaguent

Date of Examination: December:dl., 1987

Author of Description: G.0. Oyediran :

Location: About 1.0km from the bridge on Sokoto river
at Argungu (approximately 12°50t'N L°30'E), Sokoto
State of Nigeria.

Elevation: 200 metres above sea level

Landform:

(i) Phjsiographic position of the site:
Proximal levee
(ii) Topography of surrounding country:
Almost flat |
(iii) Microtopography: Nil
Slope on which profile is sited: ©.8%
Vegetation and land-use: Grasses; used for long-

straw rice (Cryza glaberima) cultivation.

Climete: Hot subhumid tropical. Mean annual rainfsll
is about 650mm with a urimodal pattern of
distribution. The rainy season is followed by short
dry season and then harmattan period. Mean mid-day

air temperature is approximately 28°C,



':-'\"-'ii!‘;.

268 : Paite

Parent Material: Alluvial deposit

Drainage:  Poorly-drained

Moisture condition in profile: Moist throughout.

Depth of groundwater table: Below 173c¢cm by the time

of examination,

Presence of surface stones, rock outcrops: none

Bvidence of erosion: none

Presence of salt or alkali: none

Human influence: seasonzlly for swamp rice cultivation,.

4 0=35cm. Gravish brown (10YR 5/2) moist; with common

21&2

medium distinct strong brown (7.5YR 5/8) motiles;
clay; moderate medium subangulear blocky; firm moist,
stickly and plastic wet; common small’hard spherical
black sesquioxidic.modules/concretions; common fine
rcots; abrupt smooth boundary.

35-561cm. Light brewnish gray (10YR 6/2) moist with
common coarse distinct brownish yellow (10YR 6/6)
mottles; clay loam; moderate fine subangular blocky;

friable moist slightly sticky slightly plastic wet;

gradual smooth boundary.

61-101cm. Very pale brown (10YR 7/3) moist, with
common coarse distinct yellow (10YR 7/6) mottles;
very fine sand§ loam; weak fine subangular tliocky;
very friable moist, nonstickly nonplastic wet;

clear smooth boundary. .



269
2Bweg, 101-128cm, Light brownish gray (10YR 6/29) moist,-
with common coarse distinct brownish yellow (10YR 6/6)
mottles; loamy coarse sand, weak fine subangular
blocky; friable moist, nonstick - nonplastic wety:
éommon small hard spherical black and orange |
sesquioxidic nodules/cencretions; abrupt.smcoth .
boundary.
2Bweg, 128-157cm. Light brownish gray (10YR 6/2) mcist,
with many coarse prominent yellowish trown (10YR £/8)
‘mottles; coarse sandy loam; weak fine subangular
blocky; friable moist, nonsticky nonplastic wet;
common small hard spherical black manganese/iron
- .nodules and concretions; abrupt smooth boundary.
BCg4 157-173cm. Brown {(10YR 5/3) moist, with common
coarse distinct yellowish brown (10YR 5/11) mo%tles,
coarse sandy loam; weak fine ubangular blocky; friable
moist, nonsticky ncnplastic wet; abrupt smooth
poundary.
2BCG,  173cm+ Grayish brown (10YR 5/2) moist, with
common medium distinct yellowish brown (10YR 5/8)
mottles; loamy coarse sand; mocderate medium to coarse
angular blocky; friasble moist, nonsticky nonplastic.
Profile Number: ARZ

5011 Name: Sirti series
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Higher Category Classification: Andaqueptic-Fluvaquent
Date of Examination: December 1l, 1987 - = STl
Location:  About 800 metres from profile AR1 (i.e&

1.8km, from the bridge).
Elevation: 200 metres above sea level

Landform ' o }
(i) Physiography: Levee/backswamp

(ii) Topography:  flat
Vegetaticn and Land-use: Grasses; used for white short-

straw rice (Oryza glaberima) cultivation.

Farent Material: Alluvial deposit

Drainage: Poorly drained

Moisture ccondition in profile: doist throughout,

Depth of groundweater table: PRelow 17%cm.

4 0-2Lem. Dark yellowish orown (10YR 3/4) meist, clay;
moderate fine subangular blccky; friable moist,
slightly sticky slightly plastic, common fine roots;
clear smooth btoundary.

‘Bw, 24-50cm. Brown (10YR 5/3) moist, with common medium
distinct yellowish brown (10YR 5/8) mottles; clay;
moderate medium angular blocky; firm moist, sticky
and plastic wet; gradual smooth boundary.

2Bw, 50-77cm. Brown (10YR 5/3) moist, with many medium
distinct yellowish brown (1CYR 5/8) mottles, sandy

clay loam; weak medium angulesr blocky; friable moist,

slightly sticky slightly plastic; -diffuse smcoth

boundary.
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2BC, 77-110cm. Pale brown (10YR 6/3) moist, with many

1
medium distinct yellowish brown (10YR 5/8) mottles;

loamy sand; weak medium subangular blocky; friabvle
moist, slightly sticky slightly plastici abrupt :
smooth boundary.

2BC, 110-179cm. Yellow (10YR 7/6) moist, with many cosrse
distinct brownish yellow {(10YR 6/8) mottles; sand;
weak fine subangular blocky; very friable moist,
nonsticky nonplastic wet.

Profile Number: AR3

S50il Name: Shen series

Highe:r Category Classification: Tropaguent

Date of Examination: December 1L, 1987

Location: Apout 1.0km from profile ARZ (i.e 2.8km
from the bridge).

FElevation: 200 metres above sea level

Landform
(i) Physiography: backswamp
(ii) Topography: Almost flat

- Vegetation and Landuse - Almost bareland; few wild rice.

Parent material: Alluvial deposit

Drainage: Seasonally swampy

lMoisture condition in profile: Moist throughout.
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Depth of groundwater table: Below 194cm by the time
of examination.

A 0-31cm, Dark grayish brown (10YR 4/2) moist; clay;
moderate to strong coarse angular blocky; Iirm
moist, sticky and plastic wet; few fine roots§
clear smooth boundary.

BA 31-58cm. Dark grayish brown (10YR L/2) moist, clay;
strong very coarse angular blocky; firm moist,
very sticky very plastic wet; diffue smooth
boundary.

Bw, 58-85cm. Light brownish gray (10YR 6/2) moist, with
few fine faint trown (10YR 5/3) mottles; clay;
stropg very coarse angular blocky to massive; very
firm moist, very sticky very plastic wet; abrupt
smooth boundary.

2Bwcg, 85-118cm. Light brovnish gray (10YR 7/2) moist,
with common medium distinct yellow (10YR 7/6)
mottles; sandy clay loam; moderate medium sub-
angular blocky; friable moist, slightly sticky

" slightly plastic wet; meny small hard sphericel
black Mn/Fe nodules and coricretions; graduzal smocth

boundary.
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2chg3 118-160cm, Light gray (10YR 7/2) moist, with -
common medium distinct brownish yellow
(10YR 6/8) mottles; loam; moderate medium
subangular blocky; friable moist, slightly
sticky slightly plastic wet; common sm=1l =
hard spherical black Mn/Fe nodules and
concretions; clear smooth boundary. : :
28C 160-18lem. Brownish yellow (10YR 6/8) moist; loamy
coarse sand; weak medium subangular blockv;
very Ifriable moist, nonsticky nonplastic wet.
Profile Number: ARl |
Soil Name: Barriki series
Higher Category Classification: Andic Haplumbrept
Date of Examination: December 16, 1987
Location: About 800 metres from profile AR3 (i.e 3.5km
from the bridge). |
Landform
(i) Physiography: Distal (natural) levee
(ii) Tépography: Almost flat
Vegetation and Land-use: 'Chiwaka' grasses and scattered
shrubs.
Farent Material: Alluvial deposit
Drainage: Somevhat poorly-drained
Moisture condition in préfile: Moist throughout

Depth of groundwater table: Well below 170cm.
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0-18cm. Dark yellowish brown (10YR L/L) moist,
with few medium distinct strong brown .
(7.5YR 5/6) mottles; fine sandy loam, weak
medium subangular blocky; f:iable moist,
slightly sticky slightly plastic,wet;rfew
fine roots; clear wavy boundany;

18-50cm. Pale brown (10YR 6/3). moist, with many .
medium prominent yellowish_rgdr(SYR u/é)
mottles; sany clay loam; weak coarse subangular
blocky; friable moist, slightly sticky slightly

plastic wet; few medium roots; clear irregular

boundary.

50-85cm. Fale brown (10YR 6/3) moist, with many
coarse prominent strong brown(7.5YR 5/6)
mottles; loamy coarse sand, weak fine sub-
angular blocky; friable moist, nensticky
nonplastic wet; clear smooth boundary .

85-170cm+ Very pale brown (10YR 7/l+) moist, witz
common coarse distinct reddish yellow
(7.5YR 6/6) mottles; coarse sand; weak very
fine subangular blocky; very friable inst,

nonsticky nonplascic weto
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Profile Number: AR5
Scil Name: Angwan series
Higher Category Classification: Albaguic Paleudalf
Date of Examination: December 16, 1987
Location:  About 3.4km. from profile ARY (i.e 7.0km
from the bridge). C e s
Landform
(1) Physiography: Depression between the old
levee andupland.
(ii) Topography: Undulating
Vegetation and Land-use: Grasses; used for short straw

(white) rice (Oryza glaberima) cultivation.

?arent Material: Alluvial depost

Drainage: Pocorly-drained

Moisture condition in profile: Moist from surfzce to
14.0cm, but wet below.

Depth of groundwater table: Abouf 16Ccm by the time of
examination.

A 0O=21cm. Dark yellowish brown (10YR 3/&) moist, with

" common fine distinct yellowish brown (1OYR.S/8)A

mottles; sandy clay loam; moderate medium sub-
angular blocky; friable moist, slightly sticky
slightly plastic wét; many fine roots; clear smcoth

boundary.
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21-0cm. Dark brown (10YR 4/3) moist, with common
medium distinct dark yellowish brown (10YR L/L)
mottles; sandy clay; moderate medium subangular
blocky; firm moist, sticky and plastic wet; clear
wavy boundary.

L0-71em. Grayish brown (10YR 5/2) moist, with common
medium distinct yellowish brown (10YR.5/6) mattles;
clay; weak medium angular blocky; firm moist, very
sticky very pléstic wet; gradual smooth bounczry.

71-110cm. Pzle brown (10YR 5/3) moist, with common
medium distinct yellowish brown (10YR 5/6) moitles;
clay; weak meGium. angular blocky to massive; firm
moist, very sticky very plastic wet; abrupt wavy
boundary.

110=1L0cm, Very pale brown (10YR 7/L) moist, with
common coarse prominent yellowish brown (10YX 5/8)
mottles; loam; weak fine subangular blocky; Iriable
moist; nonsticky nenplastic wet; clear irreguler
bbﬁndary.

1,0-165¢m. Very pale brown (10¢R 7/4) moist, with
common ccarse prominent strong browﬁ (7;5Yﬁ 41/6)
mottles; loamy sand; weak fine sutangular blockyj

friable moist, nonsticky nonplastic wet.

Frofile Number: ARG

S0il Name: Talbut series
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Higher Category Classification:  Kanhaplic' Haplustalf

Date of Examination: December 16, 1987

Location:  About 1.0km from profile AR5 upslape {(i.e
6.0 kilometres from the bridge on Sokoto river.

Landform o

(i) Physiography: Upland (middle-slope)
(ii) Topography: Undulating

Slope: 3.5%

Vegetation and Land-use: Grasses, used for sorchum/cowpea

cultivation in the rainy sezson.

Paren* Materizl: Colluvial material

Drainage: Somewhat poorly-drained

Moisture condition in profile: Moist throughout

Depth of groundwater table: Well below 180cm.

A 0-22em. Dark brown {(10YR 3/5) moist; fine sandy
loam; moderate medium subangular blocky;
friable moist, slightly sticky slightly plastic
wet; few fine grass and sorghum roots; clear
smooth boundary.

Bt, 22.h41cm. Brown (7.5YR 5/4) meist, with few fine
faint strong brown (7.5YR L/6) mottles; fine
sandy loam; moderate medium subangular blocky;
thin void cutens; friable moist, sticky and
plastic wet; few fine grass and sorgaum r00ts;

clear wavy boundarye.
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Bt, h1-59¢cm. Yellowish brown (10YR 5/4) moist, with
common fine distinct brown (7.5YR 5/ly) mottles;
sandy clay loam; weak medium angular blocky;
thin void cutans; firm moist, very sticky very
plastic wet; many small spherical black ln/Fe
nodules and concretions; .clear smooth boundary.,

Bty 59-88cm. Brown (10YR 5/3) moist, with common
medium distinet strong brown (7.5YR 5/6) mottles;
sandy clay loam; weak medium subangular blocky
to massive; firm moist, sticky and plestic wet;
gradual smooth boundary.,

88-113cm. Yellowish rrowrn. (10YR 6/3) mecist, with

BC
common mediumdistinct reddish yellow (7.5YR £/6)
mottles; fine sandy loam; weak fine subangular
blocky; frieble moist, slightly sticky siightly
plastic wet; abrupt wavy boundary.

C 113-180cm+ Yellow (1CYR 8/6) moist, with common

coerse distinct reddish yellow (7.5YR &/6)
mottles; loamy sand; weak very fine subzngular
blocky; friable moist, nonsticky nonplastic wet.

Lumda transect

Profile Number: LD1

5011 Name: Giwando series
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Higher Category Classification: ‘Typic Pellustert

Date of Examination: November 25,- 1987

Author of Description: G.0. Oyediran

Location: Apout 200 metres. off Maiduguri - Dikwa road,

2.7 kilometres southwest of Lumda (approximately
11°58tN, 13°45'E), Bornu State of Nigeria.

Elevation: 320 metres above sea. level.

Landform
(i) Physiogréphic position of the site: TFlain
(ii) Topography of surrounding country: it
(iii)Microtopography: Nil

Slope vw wnich profile is sited: 1.0

Vegetation or Land-use: Fairly green short grasses; used
for grazing.

Climate: Hot subhumid tropical, Mean annual raizfall is
about 650mm. The climatic regime consists of a
ry season followed by a shorter wet season and
then harmattan. Mean mid-day airtemperature is
approximately 28°¢c.

Parent Material: 3hale-dominated lacustrine.

Drainage: Somewhat poorly-drained

Moisture condition in profile: Dry from surface to 38cm
but mcist below. |

Depth of groundwater table: Vell below 162cm.



280

fresence of surfabe stones, rock outcrops:. Nil
Zvidence of erosion: None; but many coarse cracks.
(approxirmately 7cm wide).

Presence of salt or alkali:; Nil

Human influence: Nil

A 0-18cm. Dark gray (2.5Y L/0).dry, very dark gray
(2.5Y 3/0) moist; clay; strong medium subangular
blocky; fery hard dry, very firm moist, very
stickly very plastic wst; many coarse cracks
(approximataly 7cm wide); clear wavy boundary,

4B 18-38cm. Dark gray {(2.5Y 4/0) dry, very dark grey
(2.5Y 3/0) meist; clay; strong medium angular
blocky; very hard dry, very firm moist, very
sticky very plastic wet; common medium (about
Lcem wide) cracks: gradual wavy boundary.

Bw, 38-57cm. Dark grayish brown (2,5Y L/2) moist, with
few fine very faint very dark grayish brown
(2.5Y 3/2) mottles; clay; moderate medium
angular blocky;rvéry firm moist, very sticky
very plastic wet; pfominent slickensides;

_ diffuse. smooth boundary.

B 57-96cm, Very dark gray (2.5Y 3/0) moist; clay;
wezk medium angular blocky; Véry firm moist,

very sticky very plastic wet; prominent. slicken-

sides; gradual smooth boundary,
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2BC 96-119¢cm. Very dark gray. (10YR 3/1) moist, with
few fine distinct very pale brown (10YR 7/3)
mottles; clay; weak and moderate: cearse angular
blocky; very firm moist, very sticky very
plastic wet; clear smooth-boundary..
2C 119-162cm. Browvn (10YR 5/3) moist, with comzon fine
distinct dark yellowish brown (10YR L/6;
nottles; sandy loam; weak very_ fine crumbj
friable ﬁoist, slightly sticky slightly plastic
wet., |
Frofile Number: LD&
501l Name: Giwando series
Higher Category Classification: Typic chromustert
Date of Examinatioﬁ: November 25, 1987 o
Location: About 150 metres from profile LD1
Landform
(i) Physiography: Plain
(ii) Topography: Flat
(iii) Microtopography: Nil
Vegetdtion and Land-use: Fairly tall (about 1.5 metres)
dry grasses and thorny shrubs (e.g Acacia albida);
used for grazing. |
'Pérent Material: lacustrine

Drainage: Somevhat poorly-~drained



282

Moisture condition in profile: Dry at the surface but.

moistfﬁélow; P Taios,

Depth of groundwaﬁet tab1e: Well below 181cm. - o

Evidence of Erosion: None, but many fine cracks {about 2
?o 3em wide).

A 0-1em., Very dark grayish brown (10YR 3/2) dry, very~
dark gray (10YR 3/1) moist; sandy loamj weak medium
subangular blocky; hard dry, firm moist; sticky and
plastic wet; mény fine cracks (about 2 to 3cm wide);
few fine roots; clear sﬁooth boundary.

2BA 1ly-ldyem. Very dark grayish brown (10YR 3/2) moist, with
few fine faint yellowish bfown (10YR 5/6) mottles;
clay loam; strong coarse anguldr blocky; very firm
moist, very sticky very plastic wet; few fine cracks
(approximately 2cm. wide); few fine grass roots;
diffuse smooth boundarye.

ZBW1 L -85cm. Dark gray (10YR 4/1) moist, with common
medium faint yellowish brown (10YR 5/6) mottles; sandy
clay loam; moderate and strong medium angular blocky;
‘very firm moist, very sticky very plastic wet; faint
slickenside; gradual smooth boundary.

2Bw2 85-117cm. Very dark gray (10YR 3/1) moist, with common
medium faint yellowish brown (10YR 5/6) mottles; sandy
clay; moderate medium angular birocky; very firm moist,

very sticky very plastic wet; gradual smooth boundary.



o83

2BC 117-137cme -

with mél_'-'-ly ‘fine distinct light -live brown
(2.5Y'é/hiimott1es; sandy; clay loam; weak very
fine crumb, firm moist, slightly sticky slightly
plastic wet; clear smooth: boundary..; ;
2C 137-181cm. Very pale brown (10YR 7/1) moist, with
many medium prominent yellowish brown (10YR 5/6)
and dark yellowish brown (10YR L/6) mottles;
sandy loam; weak very fine crumb; friable moist,
ﬁonstickj nonplastic wet.
Profile Number LD3
Soil Name: Barriki series
Higher Category Classification: Quartzipsammentic
Haplumbrept
Date of Examination: November 25, 1987
Location: About 180 metres from profile 1D2
(on the other side of Maiduguri-Dikwa road) .
Landform
(i) Physiography: Fairly plain sand ridge.
—(ii) Topography: Flat |
(iii) Microtoposraphy: sand ridge

‘Vegetation and Land-use: Fairly tall (abbut 1.5 metres)

dry grasses and few thorny shrubs (e.g. Acacia albida);
used for grazing.
Parent Material: lacustrine - - -

Drainage: Well-drainéd
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Moisture condition in profile: Dry at the surface but
moist helow. S rEL

Depth of groundwater table: Well below 160cm.

A 0-2hem. Grayish brown (10YR 5/2) dry, brown
(10YR 5/3) moist; sand; weak very fine crumb;
hard‘dry, friable moist, nonsticky nonplastic
wet, common medium pores (channels); few very
fine grass roots; clear smooth -boundary-.

AiB 2L -blicm. Light gray (1GYR 7/2) moist; sand; weak
medium subangular blocky; friable moist,
nonsticky nonplastic wet; common medium peres
(chanunels); clear smooth boundary. |

2Bw, Lli-S6cm. Very pale brown (10YR 7/3) moist, with
few fine faint yellowish brown (10YR 5/8)
mot*tles; loamy sénd; moderate medium subangular
blocky; friable moist; slightly sticky slightly
plastic wet; gradual wavy boundary.

23w, 56-85cm. Very pale brown (1OYR 7/3) moist, with
common fine distinct yellowish brown (10YR 5/8)
mottles; sandy loam; moderate medium subangular
blocky; friable moist, sticky and plastic wet;

gradual wavy boundary.
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85-115em. Light yellowish brown (10YR 67/4) moist,
with common medium distinct strong brown
(7.5YR 11/6) mottles; sandy clay léam; moderate
medium angular blocky; firm moist, very sticky
very plastic wet; clear smooth boundary. .

115-160cm. Light yellowish brown (10YR 6/L) moist;.
sandy clay loam; moderate medium suba?gular

blocky; friable moiét, sticky and plastic wet.
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Appendix C: Particle size distribution (clay~free basis) of the soils, .-

Horizon Depth(cm) Very Coarse Medium Fine Very Total Silt
coarse sand sand sand fine sand = +05
sand . 140 = W45 = 4225 - L075 - 4002
2:0 = 7 o445 «225 +075 «05
1.0 o .
Mgkurdi transect e
Pedon MD1; Typic Ustifluvent PR R ¥ 3
Ap, 0-24 3e? 4e3 Ge? 150k 191 49.2 50.8
LAy 24~59 3e3 846 12,9 19.5 20.6 The? 2543
2BA, 59-87 59 7.9 1846 3067 3246 95.7 be3
2BA, 87-120 12,1 hel 1kl 2749 35.8. 943 5.7
2BC 120~168 7e5 Se5 15.6 2145 236 73.7 2643
Pedon MD2; Typic Udifluvent - B
A 0-25 Te1 1a7 Selt 11.3 13.9 33.4 6646
Ba 25~60 1a0 12 6.0 87 100 2649 731
B§1 60-97 Tel 27 104 1261 15.8 4241 57.9
Bw., 97-130 Ouly 1.7 93 1he2 16.9 4245 5745
BC 130=171 0.6 1.3 5¢5 68 8e7 22,9 77.1
Pedon MD3; Andagueptic Fluvaguent P
A 0=30 1.8 3.9 6e3 - 940 114 32,4 6746
BA 30-45 06 2¢7 Sely 646 Sel 23.4° 7646
2Bw | 45-70 2.8 3.6 ol 11.7 171 42.6  57.4
BBTE 70-113 1e3 Sely 11,0 1548 19.0 5205 4745
113-182 0e9 6+9 1hely 174 1943 589 41,1

2B
Cg



Appendix C (contd.)

Pedon MD4;

A

BA

ch.|

BWC2

BCg

Pedon MD5;

A
BA

B

By
C

0-22
22-64
64 90
90-128

128-185

0-26
26-59
59~80
80-124

124-185

Gadza transect

Pedon GZ1;
A 0=-21
B 21-52
Bw 52-95
BC 95=129

Cg

129~192

2.0

Le5
349
549
3el
Se5

4e9
95
348
o2
he2

Aquic Kandiustult

3e5
346
1.6
1.3
he2

Typic Kandiustalf

belt
748
77

11.3
11,8

Typic Tropaquept

8e5
8e5
6ol
8.8
96

293

10.0
748
846
67

1449

10.2

12.3
1243
9.8

1245

1641
18.0
10.2
14,1
181

9.8
63
7.3

9.9

39

18l
1843
177
16,3
12.2

21.2

2?.9 .

175
18.3

255

10.6
9.9

9.5 .
12,9

15.2

19.8
21.7
251
1640
19.6

f~?-3509

290k
2840
23146
5143

5943
6440
6647

56'5 :

6146

Bl

7046

7240

68eks
48e7.

L0.7
3640
33¢3.
L35
384

. 2565

743
3943.
2545
19,2
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Pedon GZ2; Typic Tropaguept o e Tememe o

Ap o-11 55 10e2 166 . 21.8 295 83.6 - 16
4B, 11=32 14e? 10,1 18e1 . 24s0 2940 95¢9 - ks
ABZ' . 32-SQ e2 1163 23s7 2291 2646 979 2e
2BA 60-110 4e6 19,2 1he3 - 21,0 2429 - 82,0 . 18.
2Cg 110-168 1648 1641 15.8 2L | 247 9748 24

Pedon GZ3; Typic Tropaquept - . . )
A =18 7ol 179 17e4 2503 2509_ 9306 64

AB, 18=55 548 1241 204 . 2348 3063 9244 7
AB, 55~96 647 1249 20,0 - 2343 19.2. 8340 174
EBA1 96=-111 12.0 1644 15.8 - é}.} 26,9 Pl 54
2BA, 111-136 5¢6 11.8 2040 2849 2848 947 5
2BC 126=-151 649 155 1846 2044  34e2 95.6 L
2C 151-192 848 11.0 22.1 - 27.7 28.2 97 .8 24

Pedon GZL4; Aquic Quartzipsamment - . . R

Ap 0=20 105 19.6 23+0 - 19,1 22«4 94-6,_ 5
13, 20-140 6.8 20,2 1749 - 25.9 222 935 - 6
4B, 4O-60 6.3 20,2 18,3 . 21 19,5 924 7
BA €0-93  13.1  26.9 161 18,7 18.7  93.5 6.
BC1 93.169 15.8 29.8 1he? 11.5 17.2 89,1 10,
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Appendix C(contd.)

Podon GZ5; Typic Kandiustult.

A O-14 Ge3 175 15.3 24,1 2.4 956 - helf
AB 14=-37 1345 1845 171 203 248 - 9h.,2 . 5.8 :
BA 37=-92 69 12.2 18.7 26,1 3265 - 96l 3.6 .
2B, 92-140 7.8 1h6 16,8 258 . 31.3- 96,3 3.7
2B, 140-182 10,6 127 15,5 257 2749 . 924 7.6
2C¢ 182-207 Ga0 1241 15.6 20,2 35.4 82,3 | 7.7

Pedon GZ6; Typic Kandiustult

A O=2L4 69 11.3 173 2146 30.9 88.0 12.0
AB 24~59 6e2 13¢5 17,0 2547 2241 9Le5 S5e5
BB, , 59~97 8e5 10.0 18.7 2647 2945 934 66
ZBC‘t2 97=160 6:6 | 1746 15.9 21.0 3145 2.6 Tk
2C 160-200 947 1641 1644 23.2 2545 90.9 9.1

Dwail transect

Pedon DM1; ° Tropaquent

A 0-~25 1.6 Se1 Bel 243 3e6 21,42 78.8
BA, 25-44 11 2ad 6ol Le3 642 21,1 7849
Bwc, hy=72 a1 2.2 3.5 Leb 6.5 1843 81.7
2Bwc,, 72-103 1,2 47 12,2 13,9 18,0 ~50.0 50,0
2Bwey  103-135 5.7 1l.2 2h.h 18.1  25.1 8445 15.5

2C 135-~179 Q. 2605 11.9 253 23-6 960? - 343
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Pedon DM2; Udic Chromustert
A 0~20 146 8ol 23.8
AB 20-42 11.8 18.5 2046
Bw, L2=74 10,2 2064 1848
Bw2 74~109 8ot 2049 18.8
BC 109-165 9.0 1245 15.7
Pedon DM3; Typic Kandiustalfl
A 0-18 14,7 11.0 2640
AB 18=43 175 13.2 21.5
By 43=76 22,0 10,8 17.9
2B, 5 76-120 21,7 et 17.6
2C 120-160 293 139 2340
R 160=-175+ 30.4 20.4 15.3
Argungu transect
Pedon AR1; Andaqueptic Fluvaquent
A . 0=35 8e2 8.8 12.0

AB4 35=61 73 649 8.9
EAB2 61=101 el Leb Se7
2chg1 101128 1647 1241 10,1
Zchga 128=-157 15.8 13.0 11.8
EBCg1 157-173 1641 14.6 13.0
EBCga 173+ 2244 16,41 1440

4.9

1045

8.9

73

-~ 55
1140 4e8
849 9.1
7ol 1153
heS5 kel
57 646
8e5 6.7
15,7 2046
1663, 293
272 3743
15.8 32.8
21.3 2846
19.7 é9.6
22.7 21,6

12.8

B3
5.8

6¢1

31

67+5
70e2
694
55.6
7845
81.3

6543
6847
8640
8745
9045
93.0
97.8

6145

65.7
61}-.1 :

38e5.
3he3
3549

61,5
45,8

3845.
S5h.2

22.5
29.8
3046
bloly
21,5
18.7

L 3he7 T

3143
15,0 -

J1245
95
7.0

242



Appendix C (contds)

297

Pedon AR2; Andaqueptic Fluvaquent

A o-24 1243
Bw, 24=50 5e1
2Bw, 50-77 10,3
2B01 77=-110 10.8
2BC, 110-179 846
Pedon AR3; Tropaquent

A 0-31 047
Ba 31-58 0.7
Bw, 58-85 240

2chg2 85-118 8.9
Bchg3 118=160 Sel
3BCs 160~-194 1245

12.8

53
11.9
1343
1449

2e3
1.9
7l
1343
be3
18.3

Pedon ARL; Typic Ustropept

A 0~18 8.1 1041
Bw 18-50 5.7 12.9
BC 50-85 11,0 15.3
c 85=170 145 172

2042
12.9
188
1845
16.1

114
12.1
1341
20,0
10,1

14.6

13243
15.2
17.4
1844

3243
355
3047
3346

33ek

2645
25,1
18.0
3440
2040
2446

3649
371
3246
2746

11{-.3 .

204

23.2

215
2L 9

13.6
1ha?
15.2
2142
1406
16.9

2hes
2141
21,5

2043

S1.7 .-
792 .
99
977

979

5445 -

Slhe5
5549
974

- Shel

8649

928
92,0
978
G840

8e2

Sel
203 ’
2ol

455
k5e5

2.6
459
1341

1 fe2
o 8.0

242

20



Appendix C (contds)

Pedon ARD:

A g-21 648
BA 21-40 246
Byq 50=71 L.6
BtZ 71=110 249
BCg 110-140 345
2Cg 140-165 1040
Pedon AR6; Kanhaplic

A 0-22 549
By 22-41 6e6
By» 51-59 Le2
Bt} 59-88 3.0
BC 88=-113 5e 5
c 113=180+ 7.9

Pedon LD1;

A
AB

BW1

Bwa

2BC

2C

Lunda trapsect

0=-18
18-38
38-57
57-96
96-119
119-162

0.3
03
0.3
0e3
Ou 4
1.5

Albaguic Paleud alf

8e7
740
7.9
745
belt
141

298

13.0
11.3
1.5
12.7

Be5
15.5

Haplustalfl

77
946
5.8
6e3
6s3

10.9

Typic Pellustert

Ce5
0.6
0.6
046
0.8
Ta1

10.9
10.7
9.8
9.6
11.3
145

273
2347
21.3
20. 4
40,0
48.2

356
3943
248

2140

217
3640

364
49.0
L3.8
3545
47.0
47.0

2044
18,7
204

18,0

304

2849

259

4ot

1445

19.2
12,2,

27.1

214
Selt

2kl
29.3

2247
16.2

2lelt

2lely

22,3 .

135
146
16.8

90.0

The3
o633 .
6343 .
55.3 -
96.7

- 8243

8543

. 8840

8347
9248
9645

6’{-.? o
645

5248

86.2 ’

9645

10.0

2547 .
3347
33,7
b7

343

177
14.7
12,0
16.3
- 7.2
3¢

301
353
3541
k7.2
1348

3¢5
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Appendix C (contde)

Pedon LD2Z2; Typic Chromustert

A 0-14 1.0 5.9 32,3 272 2849 953 Le?7
2BA 14=48  0Oe7 3,5 28,3 2142, 18.5 | 72.2 7278 |
2Bw, L85 1.0 02  33.6 24,9  3lef 911 . o 8.9
2BW, 85-117 045 146 3143 28e1-  32.3 938 6.2
2BC 117-137 0.6 1.8  30.6 273  36.9 - 97.2 ° - 2.8
2¢ 137-181 05 345 41,3 2440 2842 -:9745 2.5

Pedon LD3; Oxic Ustropept

A 0-24 0.7 2¢3 3843 321 2hely 97.8 242
AB 2h=Lk 0.3 1e5 26.2 39.0 2149 98.9 Tel
2Bw, L4h=56 0.8 6e6 33.8 290 2643 9645 3¢5
ZBwé 56-~85 046 5«9 40.8 2845 23.0° 98.8 1e2
2BW3 85=-115 0.4 141 4043 2746 23.1 9245 75
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Appendix E: Molar ratios of dithionite - extrabable Fe, Al, and Si.

Molar Ratio

Horizon Depth(cm) F9203(d) A1205(d) SiOZ(d) AlEOB(d) Sioa(d) 5102(6
Ry05(d)  R,05(d) R;05(d) Fe;05(d) Fe,0,(d) A1,0,

Makurdi transect

Pedon MD1; Typic Ustifiuvent

Ap, 0-24 1.52 0.18 1436 0,12 . 0490  7.6C
&, 21459 1,49 0,24 2491 0.16  1.97 12,31
2BA, 59-87 1.36 0.43 2,47 0.31 1.82 5,77
2BA, 87-120 142 0435 1.86 0.24 1,32 5.35
2BC 120-168 1451 0,21 2.23 Oull 1.49 10,85

Pedon MD2; Typlic Udifluvent

A 0-25 1451 0,20 1.22 0.13 070 S5e28
BA 25=-60 1.56 O.12 1.16 0.07 0.74 9.8C
Bw, 60-97 1.58 0,09 0.69 0.05 Oully 791
Bwé 97-130 1.58 0.10 130 0.06 0.83 13,27
BC IBOfT?I 1.58 0.10 1460 0.06 1,02 ~16.82

Pedon MD3; Andaqueptic Fluvaguent

2 0-30 o447 0.26 157 0.18 1.07 6.06
BA 30=45 155 O.14 0.81 0.09 0.52 5472
2Bw, 45-70 1455 Oelly 0.8k 0.09 0.55 6o 16
2Bw,, 70-113 155 Oell 1.02 0.09 0. 6€ 73C

2BCg 113-182 1452 C.18 2412 0.12 - 1e40 _ 11.59



Appendix E (contd.)

Pedon MD4;

A 0=22
BA 22-64
ch1 64~90
Bwe, 90-128
BCg 128-185
Pedon MD5;

A 0-26
BA 26~59
Bt'i 59-80
Bt, 80=-124
C 124-185

Aguic Kandinstult
1634
1.41

149
155
157

1.55
1.57
1460
1,60

1.37

Gadza transect

Pedon GZ1;

A ¢=21

BA 21-52

Bw 52-95

BC 95-129
W 129-192
Pedon GZ2;

AP 0-11

AB, 11-32

AB, 32«60

2BA 60-110

Typic Tropaquept

0.87
0a 3k
0.21
0.09
117

Typic Tropaquept

0.23

0.10
0.10

0. 47

Oe 47
0436
0423
0.13

0.10

Typic Kandiustalf

0.18
Ol11
0.06
0,06

0.05

1,20
2,03
2.23
2e 447
0.73

2,21
2,41
2. 41

1.82

1.70
1.85
191
Tell
1,19

852
11.95
7463
8e4i5
420

8462
9.52
9.33
7431

0.35
Q.26

0.15

0409

0.07

Os11
0.07
0.04
0.0L

0.03

9.61
23453
23453

3484

1.12
1.19

1420

0.71
075

Qe84

35.09 .

35.71
89.89
32.60

3771
93.45
91.67
1545

5.68
5490
7.7
.- 10498
15,10

9.68
16473
31.64
18454
2473

3.92
3497
3.89
L.Q2



Appendix B (.5nt4,)

Pedon GZ23;

A 0-18

AB1 18-55

ﬁBa 55-96

EBA1 96-111
EBA2 111-136
2BC 136-151
20 151-192
Pedon GZi4;

ip G-20

AB, 20-40

BA 60-93

BC1 93-169

BCrg2 169-192

Pedon GZ5;

A Q=14
AB 1437
BA 37-92
aBt1 92-140
ZStZ 140=-182

2C 182-207

Typic Tropaquept

0.09
0.03
0.19
0.19
0.03
0.85
0. 21

0.85
1,00
0.99
0.79
0,70

1.04

1.15
1,29
1.36
1.52
1.52

1.52

2.23

Aquic Quartzigsomment

0.93

Typic Kandiustult

0.76
0.55
0, ik
0.19
0.18

0,17

208.

15,06
13.33
8.78
9.21
13.21
9.55
7.84

6.11
5. 51
5.06
6.09
6.22

2e23

25463
70,60
11,77
11.77

83.16

1ok
10.39

0.66
0,43
0.32
.12
0.12

.11

160420
376.47
45.83
48.06
4L37.88
11.29

26471

7419
5.52
5.16
772
8.87
5.06

6.74
1.76
2,04
0.77
0.09

120

624
5.32
389
.08
5.26
773
3.53

4.99
D#55
4.96
4,61
L.26
5.65

10,16
hel3
6.28
6e21
749

10, 41



Pedon GZ6;

A © o 0-24

AB 24-59

2By, 59-97

¢Bct 97-160
2¢ 160-200

Dwam transect

1456

Typic Kandiustult

0.65
0.46
O.12
.12

Oel13

Pedon DM1; Tropaguent

A 0=25 1,53
BAc 2544 1455
Bwe, §=72 1,53
ch2 72=103% 1.54
Bwe 103-135 1.53
c 135-179 1.46

Pedon DMZ2;

A 0-20
AB 20-42
B, K2-7
Bw, 74-109

BC 109-165

1.50
1.50
1.51
1.52

Ta45

0,17
O.14
0.17
0.15
0.18

0.28

Udic Chromustert

0.22
0,22
0.20
0,19

0.30

309

0.53
0.34

- 0,08

.08
0.08

0.11
0.09
C.1
0,10
O.12

0.19

0.15
Q.1
.14
0.13

0.21

274

- 1.33

0.29

’ 0073
1.04

10.88
3.88
3.69
3. 30

12.84

8.37
11.56
10.71
10,65
11,62

11.79

6420
7.16
8.10
G52
9.80



Appendix E (contd.)

310

Pedon DM3; Typic Kandiustalf
4 0-18 1.51 0.19 1,91
AB 18=43 1446 0.28 2.35
Biq 4376 1.55 Q14 2419
2By, 76-120 1.54 C.16 2447
2C 120-160 1.56 0.13 2,10
R 160-175+ 1.58 0,09 2.13
Argungu transect
Pedon AR1; Andagqueptic Fluvaquent
A 0-35 Tolth 0.30 2.80
AB, 35-61 1.52 0.19 2.28
AB, 61-101 147 0.27 1,93
2Bwcg1 101-128 1.27 057 8.87
2Bwcgz 128-157 1o lh 0.31 7.85
2BCg{ 157-173 1.53 0.18 1,81
2BCE, 173+ 143 0433 7400
Pedon ARZ; Andaqueptic Fluvagquent
A 0-24 1.59 0.08 1,28
Bw, 24-50 1,58 0.09 1.48
BBWE 50=-77 1451 0,20 2.78
.EBC.I 773110 1.50 .21 3,32
2BC 110-179 1.18 0.72 11.54

2

0.13
C.19

0,09

0.10

0.08

0.05

0.21
0.12
0.18
0.45
0.21
0.12

0.23

0.05
0.06
0.13
G4

0.61

0.18
C.94
1.85
2.22

9.85

9.78
8elLib
15.13
15,70
16.72

2445k

9.19
12,29
7.13
15.52
25.68
10,20

21.05

16.10
16.80
13.95
15,87

16.09



0.20
0.15
0.12
0.25
0.18

0,06

0.19
0.17
0.62

0.77

O.11
0.08
0,06

0.12

AppendixE(CODtd-)

Pedon AR3; Tropaquent

A 0-31 1.51
Ba 31-58 Te54
Bw, 58-85 1.56
Zchga 85-118 1448
3Bwcg3 118=160 1.53
3BC 160-194 1,60
Pedon AR4;  Typic Ustropept
A 0-18 1.52
Bw 18-50 1.53
BC 50-85 1.24

c 85-170 1.15
Pedon ARD; Albaquic Paleu dalf
A 0-21 1.57
BA 21-4C 1.59
By L40~71 1.60
Byo 71-110 1.56
BCE 110-140 1.46
Cg 140-165 162

311

2437
594
11.86

0.13
0.10
0.08
0.17
0.12

0.04

0.07
0.05

. 0.03

0.08
C.19

0.02

8431
16,26
15.30
18.70
17:22

28.53

14,06
14,10

9.62
15.52

23,14
21.71
48,437
27.09
17.11

89.65



Apéendix E (contd.)
Pedon ARG;
A Q=22
Bt1 22-41
Bis 41-59
Bz 59-88
BC 88-113
c 113180+
Pedon LD1;
A 0-13
AB 18-%8
Bw, 36-57
Bw, 57-96

" 2BC 96~-119

2c 119-162
Pedon LD2; Typic
A 0-14
2BA Thehl
2Bw, L4-85
ZBwa 85-11?7
2BC 117-137
2¢ 137-181

1452

Lumda +transect

Kanhaplic Haplustalf

0420
0.09
0.10
0.13
0.16
0.66

Pypic Pellustert

1.39 0.39
1.35 Oud5
1440 0.38
1. 40 0.38
T1e45 G.30
1.37 0.42
Chromustert

0.97 1.05
T4t 0.36
140 0«38
1.2 0.35
1442 Q.30
142 O34

312

2.29
2467
2,68
2,30
2.20

2357

Se47
2.96
2451
272
4401

4.19

0.13
0.05
0.06
0,08

0.10

.55 -

1.98
0.26
0.27
.24
0.24

" 0.24

5.68
2412
1.81
1.93
2.84
297

11.79
2493
27.32
13.52
13.72
20,57

5.89
5.89
7.11
6.08
729
12,79

o2k
Bs14
6.66
7485
11.76
12.29



313

Appendix E  (contd.)

Pedon LD3; Oxic Ustropept

A 0-24 1.03 0.95 410 0491 3499 4435
AB 2l Ly 0.88 1.19 5405 1,36 5478 425
2Bw, L44-56 1,40 0.37 he22 0427 3.03. 11,27
2Bw, 56-85 1045 0429 2.76 0420 1491 9453
2BW; 85-115 1,44 0.31 3.58 0.21 2,50 11,72

v 3CRB 115-160 140 0.38 2.84 0,27 2,76 10,20



21l

Appendix F: Total elemental analysis data.

Horizon Depth FeEOB(t) Sioe(t)_ A1203(t) p,no({_;) .I"é_fo(t) cao(t) K2°(t)
(] :
Makurdi tramsect .
Pedon MD1; Typic Ustifluvent Ty
Ay 0-24 6410 6le38 17,83 0,09 0469 Ce86 - 0,10
A, 24-59  5.93 6416 19.66  0.06  0.58  0.61 0.08 -
2BA, 58-87  3.86  60e74 18404  0.05  Oebh  0.67 0.08
2BA, 87-120  3.86  58.30  21.61  0.07 0,66  0.72  0.07
s5c 120-168 .83  61.12 19,37 0s0h  0.53  0.53  0.05
Pedon MD2; Typic Udifluvent
A 0-25 6476 58436  2h.43  0.26  0.76 1,02 0.30
BA 25-60 10,02  57.65  21.96 0,08 0,88  0.98  0O.11
BW, 60=-97 9. 14 60401 18490 0.08 077 0.78 0.13
Bw, 97-130 7,07 5943 17451 0.,0L  0.9%  1.10 0,32
BC 130-171 6498  60.62  21.83 0,06  1.05  1.24  0.09 ~
Pedon MD3; Andaqueptic Fluvaquent
A 0-30 8404 60411 18,18  0.08  0.31 0.36 0,08
BA 20-45  8.38  58.68 18,46  0.12 0,08  0.21 0.06
2Bw, 45=70  9.26 58,13  16.24  0.05  0.16 0.1 0.12
2BW, P0-113  9.85  61.06 20,08 0,06 0,18  0.24 - 0,14
2BCg  113-182  7.51  57.24 19,54 0405  0.20 0,29 0436



Appendix F(contds)

Pedon MD4;  Aquic Kandiustult

A 022 5401 59.76
BA 22-64 Le86 62,04
_ch1 64=~90 6.94 58493
Bwc, 90-128  7.37 5951
BCg 128=185 7.68 5787

Pedon MD5; Typic Kandiustalf

A 0-26 L.93 59.91
BA 26w59 6el? 60.26
Bt, 59-80 7466 61l
Bt, 80~124  5.82 62403
C 124-185 8.04 61.84

Gadza transect

Pedon G21; Typic Tropaquept

A 0-21 3452 66436
BA 21-52°  3.01 62417
Bw 52-95  Lo43  60.96
BC 95-129  4.69 56.08

Cg 129-192 2.88 60400

315

18.76
22,38
19.82
16.19
18433

22,01

18,91

20,73

22.28

21.06

21.00
13,62
24,08
22.15
18.28

0.05

Q.11

0,83

0,92

0.07

0.13
0,06
0.08
0.04

0.03

0.15

0,09

0.07

‘0,06

0«13

0.63
0404

0l -
0,07

0.55

Ga71
0.08
0.42
0+26

04 30

Ot
Oa il

Oely3 -

0.50
O0.46

0.67
054 -
0058 :

0,61

0.63

0.83
0. 46
046
0.27
0436

0.88

0.79 "

0.91

Te34
0.98

0.07 .
0.09
0.26
0.11

0.20

0,17
01k
0.09
0.09
0.18



Appendix F {contd.)

Pedon GZ2;

o-11
AP
ABI 11=32
2BA 60-110
2Cg 110-168
Pedon GZ3; Typic
A 0~18
A3, 18-55
ZBA1 96-111
EBA2 111-136
2BC 136=151
2C 151-182
Pedon GZL Aquic
AP 0520
BA 6C =93
BCl 93-~1£9
BCrg2 169-192

Typic Tropaquept

316

e 53 68472 24455
La65 58418 21.94
Le3lh  60e23 24,06
2,05 . 57.54 20.33
2,00 54409 19.92
Tropaquept

L.89 62436 24,50
e 52 61.25 17.82
3.03 63.70 23,57
3. 41 64401 15,19
3467 57.82 19.94
3.03 70.34 15.53
2.16 5512 21,52
Quartzipsamment

2.85 5941 17.87
3.17 55483 19.0z
3464 61409 12.33
3.27 E8.27-- 20.02
2,96 6733 19435
L,02 68446 15.64

017
0.08

0,09

Oeil

Q.04

Oeltl
Out4
0.18
0.21
0.08
0413

0.02

0.20
0.16
0.13
0,08
0.06

0.04

Oeitl

Oy
0e 50~
0.55

0449

Qs 42
0451
0.53
0445
0«32
0.64
0.37

0.46
041
0.30
0.09
0.06

0439

0.48
0.65
0.93

1.27 -

0.79

0,08
0.06
0411
0.16

0,10

0.18
O.14
0.23
0.25
0.12
0.15

0.04L

0.16
0,13
0.11
0.08
0.07

0.09



Appendix F Centd, 377

Peden GZ5; Typic Kandiustult

A 0-1)4 2.98 h7.71 19,70
AB 14=37 3.15 64,68 16,12
BA 37-92 3.79 65.73  18.L1
2By 92-140 6,20  69.08  17.79
2By, 140-182 6.38 59,22 18,24
2C 182-207 6.71 €1ty 16,66

Padon GZ63; Typic Kandiustult

A 0=20 2.6l 66437 17,00
AB 2059 L.07 60,51 “14493
CEM 5997 10.68 61,27 21.62
2Bty 7160 9,81 68.16  19.71
2C 160w200 9,83 LY C22,12

Dwam  transect

Pedon MT;  Tropzausant

A O-oC 7.62 Bliiz 22,0k
B:wc zh=hly L o0, 75 1.63
Swe, bl 6.53 6256 25.72
23w02 Te=103 Te93 EB.10 19.22
gzwe, 103-13b Tazly 55,72 18,88
o0 | 13=iTe 6.11 63,35 20,06

; 0-20 5,31 60,72 2147
B o= 2 L.2l 59,66 22,61
3wy Lp=Ti 2,43 5% .40 Zleve
Ev,, =179 3.60 58.55 25,06
EC- . T P 59465 201G

Pedon WI3; Yypic Xanaiustalf

i 0-10 6.0 63.52 e

!
AR 15—43 5.62 6’_;.20 16.3:"

0.16
0.11
0.16

0.09
0.10
0.04

0.12
0,186
0-19
0.04
0.06

0,09
U.52
0.6
UaLi7
G.23

.08

0.07
0.0
€.05
0,02
0.0z

0,06
0.07

.32

0.28
0,31

0,10
0.06
0.33

G.36
0.28
0.4L3

0008
0,11

045

0,38
O
0,10

0.08

0.6l

0,68
a,7e
0.43
0,356

.06
0.08

0.46
0.51
0.73

0.39
0.68
1.01

1,61
1.03
1.0
Q.87
5,12
0.13

O.0h
0.13

0.2
0.2
0.2

0.1l
O, 1¢
0.0¢

0. 13
G.z1
C.21

o o
)%
(an]

.
'y
(e

Uaus

0.04



C.
0,
Ol

o 7.31 19,64 0,16  0.08°  C,10.
2B, - 76-120 6.16 18,09 0,35 0.12 0.25
2 120-160 7.95 17431 0.29  0.13 0.73
R 160-175+ 7,62 19.58 0,2,  0.22  0.76

Aroungu trapsect

Fedom iAW1 indaguentic Fluvsquent :
A 0-35 k.00 61,20 20,64  o.0h  0.26  0.L§
1B, 35-61 6,32 59,26 19.92 0,02 0.th  ©.22
2B, 61101 L.57 60,011 16,98 0.03 0.0 0.14
ZEWCEY 401128 2,82 63,7 17,10 Cuopx 0,02 0.0%
2Bw032 126-157 . 3,01 6,52 16,55 U, 68 U.07 6,16
°E0S1 157-173 6.00 58,51  16.63  0.05  0.08  0.10
2BCE)  qyn 3.l 66,37 16,90 0,07  0.19 0,26
Pedon ARZ; 4ndagueptic Fluvaguent
i 0~2L 11,83 6,72 18.05 0,10 0.21 0.51
2, 20-E0 11,04 65,20 20,16 .05 0.23 0.5h
2Bw2  50=77 7.3% 60,20 173 0,05  0.10 0.18
e I LR LTS 8.65 59,96  17.65  0.03  0.06  0.13
2zc,  110-179 bzl 1.5 16.92 .05 01 0.0¢
Pedon 4R3; “ropaguent )
& 0-3 10,33 60.75  i9.67  0.08  0.38  1.0v
Ba 31-56 8.67 61.9. 21,09 0,07 0.42 1.10
By 5665 8.1  57.08 . 17.83  0.0L  0.43  0.98
2mweg, 65-118 5.0h 59,20 8.2k C.32 ¢.08 0.32
3pwes., 116-160 5.66 56,96 16,66 0.21 0,09  0.L46
3RC 160-19h 10,91 63.37 i7.33  0.02  0.03 0.0k
redon AR L: Typic Ustropept
L 0-18 7.06 62,09 10,35 0,08 0,09  0.09
=W 15=20 8.11 6iy, Tl iv.0h 0,03 .06 G, 37
RC H0=85 3.02 00,30 17,26 0.02 0.02 0.C5
c 85=170 £, 6y 59,91 19,07 0.0 0.04  O.uy



Appencis F Contd,

Pedon ARS; 4lbaquic

4 0-21 10.45
BA 21-1,0 10.03
By hO-71 8.10
T 71=110 6.37
B0 110=140 2,84
oCg 10-165 12,29

Pedon ARG;

A 0-z2
B4 20-1;1
b
Bt3 5938
BC 38=113
C 1131804
redon 1IN Ty
A (=186
LR 16~-38
v, 36~
iy RIS
Bw2 5 wl6
2RC Y6119
2¢ 119~162

Pedon LDZ3

A o1l
2B Hh=hiy
ng'l i=8E
2Bw,, 05=117
2R 117=137

6.65
13.37
11.19

8.50

8,02

3,00

}j.51
3.63
3.58
L.73
5.02
2,31

3.L3
2.53
L.10
L.62
Loy
3435

319

Paleud alf
614,83
65.04
63.21
63.27
61.52
63,01

Kanhaplic Eaplustalf

61,50
60,24
58.87
57.39
60460
61,08

14,35
16.86
17.01
18.16
18.24
17.92

z0,0¢

19.63
18.0L
19.00
17.82
16.,L9

Lunds, transect

Typic Fellustert

294440
50,00
5% 43
65.0%
513,68
60,06

typic Chremustert

62.87
6,02
5G.73
59.30
63.25
63,68

0.06
0.04
0,04
0.03
0,02
0.0l

0.14

0,10
0.12
0,08
0.02
0.03

0,04
0.0z
0.01
0,02
0.02
0.01

0.03
0,04
0.02
0,02
0.02
0.01

0.08
0,1
0.09
0.09
0.02
0.04

0.52
O.25
C.40
0.47
0.25
0,06 :

0.02
0.18
C.16
0,15
0,20
0.09

0.31
0.36
0.45
0.32
0.02
0.05

1.26
1,01
1,64
1.16
0.39
0.05

0.04
0.96
0.98
1.13
1,02
0.09

0.C
0.C
0.0
0.0
0.0
C.0

0.1
0.1.
C.t
0.0
0.0

O

[ASI WY

0.l
0.3,
0,1
0.0¢

0.00
0.0
0.0

0.1

0.1
0.0!



Appendix F Contd,

Pedon LD3;

0-24
2=l
Li-56
56-85

85-115
115=160

Oxic Usiropept

3.26
2,79

3.06

3.73

3.29
3.98

65434
65,61
66,82

65,0k

66,93
66477

2237
20.61
21,38
1944

17.27
17.63

0.07
0.08
0.05
0,03

0.04
0,01

0.08
0,16

0.23
0.48 -

0.58
0.16

0.09- 0,0%
1.09° 0.1z
1,60 0.1}
1.35 0,23
1.66 0,26
1,18 0,09
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Appendix H: _ silt fraction mineralogy-of selected horizons of, the Féoil’s.h

Horizon Depth Quartz Feldspor . Vermi- Eaoli-~ - Mica
(cm) L culite nite

[:%4
™~

Mekurai transect

Pedon ¥D1; Typic Ustifluvent

Ap1 O-2iy 62,3 8.0 ’ - 13.9 15.8
2E471 59~87  65.5 5.8 . - 11,6 1771
2RC 120=166  69.0 - - 10,8 7 o3

Pedon (22; Typic Udifluvent

4 0~25  63.1 3.8 - 1.3 21.8
Bwl 50-97 6249 .6 - 1.6 20,9
®C 130=171  63.2 3,8 - 10,8 22,2

Tadon T3; rdagueptic Fluvaguent

L 0=30 Yl gk - - 2149 18,7
25w2 70-113 60,2 - - 26.2 11.6
ZBCs 112-182 58.56 2.1 - 21.0 18,1

Tedon 1Dl .cuic randiustult

L Gmez 62.5 - - 20.9 16.6
BCE 128-185 53.0 - - 19.6 T27.b

redon %3 Typic Xandiustalf

L 0-26  53.k 9.5 - 18, 187
2t1 59-80 £3.6 L2 - 21.0 2742
3Gl transect

redon {Z1; Typic Tropizquept

L =21 6.5 - - 19.6 15.6
Bw E2-65  €8,3 - - 14,8 6.9
Ce 129-192 68.7 - - 20.7 10.6



Appendix HContd.

Pedon GZ23; Typic Tropaquent

AD 0-11  60.3 -
OBA 60-110 55.1 -
2Cg 110=168 52,0 3.l

Pedon GZ3; Typic Tropaquept

Iy 0-18  56.4 -
OBA 96-%111 51,7 6.5

2¢ 151=1v2 53,8 6.8

Pedon 0Zh; fouic Guarizipsamment

ERs) 0-20  5b.5 -
Ri &0=53 591 Held
3Crge  16y=19z2 50.6 Se5

Pedon CZ-3 Typic Kendiustult

k -t 3.1 9.9
2Rt a2-1C 50,2 3.6
20 182-207 51.9 10,2

Tedon Gz6; Typic Xendivstult

0-2L  37.8 11.8
2Bt1 59-97  hL7.0 7.5

Tre
43

pedon 1INl Tropaguent

A 0-25  L%.3 8.4
zwel W72 56,0 5.0
2¢ 138-179 51.L 7.9

Tedon DI'2; Tdic Chromastert

L 0=20 38,54 1.7

BC 109-165 25.3 2L.0

—_— et s AT armFal

Dwan . transect

18,9
21,4
22,9

22,1
21,8

18.9.

23.6
18,6

16,2

26,2
2.9
17.0

37.8
25.0
26-5

15.5
1h.0
12,7

20.8
23,6
21.3

21.5
20,0
20,5

179
16,8

19.9

20.8
1643
20.9

12.6
2045
18.C

1745
161
15.2

27 .0

33.1
40,k
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Appendix H contq,

A.I'gungu trapsect

Pedon AR1; Andagueptic Fluvaquens

A 0-35 61., | T.5 - 1243 18.8
2452 61=101  61.6 3.0 - 12,0 23,2
2BCgt  157-173 64,0 1ehy - 10.8 23,8

Pedon 4R2; Lndagueptic Fluvaguent

A 0-2L 60,7 5.6 - 20,1 13,6«
2RW2 50-77 59.8 5.8 - 16,7 T
OBC2 110~179 60,2 5.2 - 5.6 35,0 -

Pedon 4R3; Tropaguent

A 0=-31 573 1.3 - 9.7 21.7
Bwl 56-85 59.6 3.0 - - 314
3Bweg3 116-160 61.6 8.1 - - T 30.b
Pedon ARL;

A G-18 6ly.6 - - .9 20.5
BC So=E85 63.5 5.5 - 8.2 22,8

Pedon AR5; Albaquic Taleud 21f

A 021 56.5 - .2 16k 22,9
Bi1 Lo-71 56.0 3.8 : 6.0  10.6 23,6
2Ce 150-165  5b.3 - 345 8.0 - 30,2

Pedon 4R6; Kanhaplic Haplustalf

A 0=22 5243 8.6 - 16.6 20,5
Bt1 Li1=59 gL 9.1 - 19,0 17.8
c 113—1804- 57.7 11.8 - 9'9 20.6

Tumda gransect

vedon ILD1; Typic Peliusiert

A 0-18 35,9 11,1 8.0  2i4.8 20.2
Bw2 57=96 31.6 214 13,6 215 . 539
2C 119=162 29,3 16.2 15,0 © 1i.1 25.4
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Pedon 1ID?2; Typic Chromustert

2Bwl 4h-85 33,3 17
2C 137-181 28.6 22.0

Pedeon LD3; Oxic Ustropept

A 0-24 53.2 -

2Bw2 56-85 49.6 8.l
3CB 115=160 51,7  13.4

331

EJh
Te3
6.8

9.5
16,0

hob’-

22,0

18.8

7.5

21,8
14.8
St

257
30.5
41,9

1545 -
1142
24.9..
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Appendlx I:Clay fraction (€0,002mn) mineral compasition of repre—
sentative sample of the pedons, R

Depth ‘kaoli- meta~ hydrous smecw chlo~ vermi- feld- musco- qua- hema goe
(cm) nite halloy mica tite rite culite sper vite rTiz tite thi

gite "
s

Makxurdi transect

recon MD1; Tyoic Ustifluvent

0—241-1- ?h—lG 14.9 - - - - 6.8 - 5.7 - -

59_87 71.7 1607 8.8 - - - - - 2.8‘ - -
120-168 59.9 18.0 8.5 - - ~ 5.9 4,0 kW7 - -
Pedon ¥D2; Typic Udifluvent

C-25 68,2 12,0 13,2 - - - - 1,5 4.1 - -

60=97 68,1 1541 16,8 - - - - - - - -
120-~171 68,3 19.3 .4 - - - - - - - -
Fedon ¥D3; ndogueptic Fluveguent

0-3C °0.3 5,6 1ite5 - 5.9 = - 37 - - -

70—113 61.7 1(1.1 1206 1&4.3 - - - 103 - - -
113=182 52,0 KR 0.2 21,4 - - 3.0 Leg =~ - -
Pedon MP4; Louic EKendiustult

0=22  61.2 16,1 16,0 - - - b2 2,5 - - -

64-90  63.6 5.5 13,4 - - - he2 Ly = - -
128-185 61.0 12.k 12,1 - - - 6.5 8.0 - - -
Pedon MDS; Typic Zandiuetelf

0-26 62,9 z0.. 16,7 - - - - - - - -
59-60 58,3 @b I - - - - - - 16 11,
1244=185  53%8 L9 3.0 - - - 380 = = 15,8 1,
Gadza  {ranpsect
redon GZ1; Typic Trepaquept
0=-21 7ODD 8.9 7.14- - had - 703 - 6.’-]- - -
52“95 71l2 12.0 801 - - - }.}02 - !405 - -

129-192 62,1 7.5 1.7 - - - 3.7 5.0 - -
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Pedou.@ﬁﬁiiwbypic Tropaquept C Faear Jpee G .
0-41."  6l40 12,0 8.3 - - m .62 Sub L1 -
60-110  68.3 . 16.2 9.5 - = - 16 - L - -

110-168 65,6 20,1 11,0 - - - - 3.3 - - -

Pedon GZ3; Typic Tropaguept

WL
.
<o,
1
H

0~18  59.9 19.4 8.0 - - - L& 34
99-111 60.1 21,1 ths2 - - - 2.0 26 - = -
151=192 624 20,3 8.2 = - - - 2. 6.7 - -
Pedon Ggzh; Agquic Quartzipsamment _
0-20 6140 12,3 H.1 - = - 5.3 - 83 -
60-93 6143 18,2 10,2 - - - 2.4 - 7.9 -
162~192 61.5 24,0 9.3 - -~ - - - 8.2 -
Pedon GZ%5; Typic Kandiustult N
0=k 54.5 18.2 17.5 = - - - - 9.8 -
92140 L9.0  15.0 10,9 = = - - -~ 5.5 16.7
182-207 39,2 10, 194 - = - - - 8,5 11.9 10
pedon 263 Typic Kandiustult
0=-2l; 578 20.9 145 - - - - - bJO -
59=97 46.3 1.1 53 - - - - - Te6 19,4 10
160-120 L3.2 G.4 7.5 - - - - - 11,8 146 13
Dwam  transect
"Pedon DMI§ Tropaquept
0-25  hL9.4 - et - - 19,6 10.7 6.2 = - =
yl=T72 L7.5 - 16,0 - - 18.8 11.3 64 - -~ -
135-179  50.9 - 11 - = 20,3 11,2 62 - - -
pPedon 1M2; Udic Chromustert
0~20 1743 - 1.6 35.2 23.6 = 1o 32 - - -
L2wTh 18,9 - 2.3 0.9 1944 = 167 3 - 7 ¢
109-165 1941 - 3.9 343 19.3 = 1T.h 60 - = C
Pedon DM33; Typic Tandiustalf
0~18 6l3.6 - 9.3 - - - 10,7 7.3 8.1 -
76-120  63.5 - 10.5 - - - 10,0 6.1 T.9 = 2

" oA — 16.1 - - - 1805 - = =



A_'Qpendi:fAAi;-,_ 334 I '.-:_“E__‘ SonTn

Argungu transect
Pedon AR1; Andaqueptic Fluvaguent BN AN .
0-35 60.8 91 8,3 = = - -13.8 - - 8.0
61=101 61.0 11.9 8.5 - - - =1 1.3 - 7.3
157-173 56.1 19.3 6.2 - - - 1oL - 8.0

Pedon AR2; Andaqueptic Fluvagueni

0=2ly 66.6 5.5 11.6 - - - 12,2 - -
50=-77 68.0 9,2 5, -~ = - 1533 200 ° -
110-179 57.4 13.2 10,1 - = - 19,3 - -
Pedon AR3; Tropaguent

0=31 69.3 - 11y - - - 16,1 3,2 -
58--85 65,1 5.0 9.8 - - - 20,1 = -
118-160 66.0 - 18,3 - = - 12,2 3.5 -

Pedon aRlj; Typic Ustropept
0-18 6141 762 Y5 o= - - 12.0 "= _ 10,2
50"'85 59.3 10.0 803 bl - - 11|1 - 11.3

Pedon 4R5; slbaguic pPaleustalf

0—21 56-3 - 1.2 - - 1)4n)-l» 13.0 l;.O 11'1
1.[.0"‘71 29-1 1-6 1nh. 22-2 - 13.5 27.“. 1.1 300
140-165 26.6 1.0 2,6 28.h - - 27.9 1.2 3.4

Pedon AR6; .Kanhaplic Haplustalf -
0-22 = 61.7 11.3 6y - - - 18.3 2.3. -
h1=59 L8.5 6.9 7.8 = e - 18.0 1.4 3.6
113-1804+  39.6 15.9 hof = - - 17.3 - 1.0

lumda  iransect

Pedon ID13; Typic Pellustert

0-16 16,8 - 1.5 3he6 22.L - 19,7 5.0 -
57-96 16.0 - 2,3 Li,2 20,1 = 18,0 2.4 =
119-162 21,2 - 3,9 30,71 2L.B - 0.3 2.0 L1

Pedon LD2; %ypic Chromustert
0-14 13.9 - - 36,1 2B.3 - 15.5 6.
3

e EW S aon _ w7 PESRE - 1‘3-1
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Pedon ID3;
0-2L
56-85

115~160

Oxic Ustropept

22,7
20,9
20.6

3.0

335

17,2 -
17.0 -
16, -

no

Ui o O
L ] -

O ‘ua

-
.
(@]

2001 6!3 3‘0
22,5 2,2 L,2
21.4 3.3 3.

1C.4

13.3
14,2



